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CONVERSION FACTORS,

NON-S1 TO SI (HMiiail)
UNITS OF MEASUREMENT

Non-SI units of measurement used Iin this report can be converted to SI

{metric) units as follows:

Multiply

By

acres
cubic feet

cubic vards

feet

gallons (US liquid) -

" horsepower (550 foot-pounds - -

(force) per second)
inches
miles (US nautical)

pounds {mass)

..squaré feet

yards

4,046.873
0.02831685
0.7645549
0.3048

-3.785412

745.6999

2.54
1.852
0.4535924

0.09290304

0.9144

- watts

. e A
To Ohtain

square metres
cublc metres
cubic metres
metres

cubic decimetres

centimetres
kilometres

kilograms

L s

square metres

metreés
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NWORVWUTORD NARBOR SUPERFUND FroJECT, ACUSHNET

ENGINEERING FEASIBTILITY OF DREDGING AXD DREDGED

MATERIAL DISPOSAL ALTERNATIVES

AL

EVALUATION OF CCONCEPTUAL DREDGING AND DISPOSAL ALTERNATIVES

PART I: INTRODUCTION

1. In August 1984, the US Environmental Protection Agency {USEPA)

. reported on the Feasibility Study of nemedial Action Alternatives for the
.Upper Acushnet River Estuary above *he Coggeshall Street Btidge, New Bedford,
"MA (NUS Corporation 1984a). The USFPA received extensive comments on the e
proposed remedial action alternatives from other Federal, state, and local
officlals, potentially responsible parties, and individuvals. Responding to
these commen:?:, the USEPA chose to conduct additional studies to better define
_avai;able cleanup ﬁetnods. Because dredging was associafed with all of the
removal alterﬁat ves, the bScPA requested Lhat the DS Ar'nY Porps “of Enginecrs
(USACE), the Nation's dredging expert, conduct an Engineering Feasibility
Study (EFS) of dredging and disposal alternatives. A major emphasis of the
EFC wasg placed on evaluating the couceptual désign oi dredging and disposal

aiternatives with respect to their implementsbility and potential for contami-

" nant releases.

2. The technical phase of the EFS wag completed Iin March 1988. How-

ever, as part ~f Task 8 c¢f the EFS, the results of the study were compiled in

a gseries of 12 reports, listed below.
a. Report 1, "Study Overview."
b. Report 2, "Sediment and Contaminant Hydraulic Transport

Investigations."” _ .

¢. Report 3, "Characterization and Elutriate Testing of Acushnet
River Estuary Sediment.”

d. Report 4, "Surface Tunoff Quality Evaluation for Confined

Disposal."
. Report S5, "Evaluation of Leachate Qualicty."

Report 6, "Laboratory Testing for Subaqueous Capping.’

I~ o
.

Report 7, "Settling and Chemical Clarification Teets,"

P
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1 bujaq
“Henb

oowith New bedford

e soport 8, "Compatibility nf Liner Swvet
Hartor Dredged Material Contaminantg.'
{. Roport 9. "Laboratorv-Scale Application of Solidification/

't

Stabiliization Technolonv.
Report 10, "Evaluation of Dredging and Dredping Control
Technologies,”

. Repore !, "Evaluation of Conceptual] Dredaing and Dispasal
Alternatives."

"

Report 12, "Executive Summary.

lp=s

This report is Report 11 of the serles. The results of this studvy were
obtained from conducting EFS Task 7, elements 2 and 3 {(sce Repoert 1). How-
ever, Task 7 incorporates the results of Tasks 1 through 6 into the evaluation

_ of dredging and disposal alternatives.
Background

3. A description of fhe New Eédford Harbor Superfund Site 1s provided
_ in Report 1. The site includes the Upper Estuary of the Acushnet River,
Cdefined as the estuary and ‘adjoining wetlands between-the Wood Strect Bridge ..
and the Coggeshall Street Bridge (Figure 1), the New Bédford Harbor, and Buz—. A i
zard’'s Bay as far as the southern limit of the polychlorinated biphenvl (PCR)
closure zone {see Report 1). This EFS addresses only the Upper Estuary por-
tion of the site,

4, General procedures for conducting feasibility studies for Superfund
projects are provided inm "Guidance for Conducting Remedial Investigations and
reas’bility Studies under CERCLAY (USEPA 1988). Cnce the scope of the
remedial investigation/feusibility study (RI/FS) process has been developed,
the FS 1s conducted in three steps: development of alternatives, screening of

alternatives, and detailed analysis of alternatives. The components of each . !
of these processes are shown in Figure 2, The NUS Corporation FS proceeded S

through a similar process in 1984 and evaluated five cleanup options (NUS ’aff '

Corporation 1984a,b). The E. C. Jordan Company, undcr & contract with EBASCO :

Services, Inc., is expanding the NUS FS to include cleanup options for the
entire New Bedford Harbor Superfund Site and tc address all nonremoval,
removal, detoxification/destruction, and disposal technoclegies. The USACE EFS

provides information on implementability, effectiveness, and cost for dredging

Frooo -
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disposal alternatives chat will be incorporsrted into tic F5 being

and scelectad
prepareag hv E. C, Jordan Company.

NUS dredging and disposal alternatives

5. The NUS Corporation evaluated four remedial action alternatives for

the Upper EDatuary In 1ts FS (NUS Ccorporation 1984a). Three of thewe alterna-

he < ¥

tives Inciuded dredging to remove the contamirated sediments {rem the Upper

Estuary. The fourth alternative ccnsisted of construction of a channel zloug

the western shoreline to bypass the freshwater flows of the Acushnet River and

isolate these flows from the more contaminated sediments. The contaninated

sediment in the remainder of the Upper Estuary was to be capped with clean

.séaimehtéf”'Fﬁrthér evaluation of this -nonremoval -alternative is not included

" in this EFS. " Tn’September ‘1984, NUS published an :addendum-to its FS. (NUS

1984b}), which presented its evaluation of a fourth dredging alternaciQe, con-

tained aquatic disposal (CAD). The four NUS dredging and disposal alterna-

‘tives are briefly described below. For a more detailed description of the

alternatives developed by NUS, the reader 1s referred to the NUS reports.

'.6:"D:edziﬁg'%i{ﬁ ﬁisgosnl-in—a~parcially lined, }n-hérborucon{ainmenr-fz;

site. This alternative consisted of constructing a temporary confined
disposal facility (CDF) in the cove area on the western side of the Upper
Estuary to contain material dredged from beneath the in-water embankment (dike)
of a permanent CDF to be ronstvu~ted on the eastern side of the Upper Estuary
(Figure 3). Once the permanent CDF was constructed, contaminated sediment
fron che remainder of the Upper Estﬁary and from the temporary CDF would be
dredged to a depth of 3 ft,* placed, and stored in the permanent CDF.
Supernatant from the CDF would be treated, and the site would be capped with
an impermeable geomembrane and covered-with clean soil. Thke partial liner
would cover- only the interior dikes of the CDF. B

7. Dredging with disposal in a lined, in-harbor containment site.

This alternative follows the same construction sequence as for the first

alternative (Figure 3), except that contaminated sediment from beneath all of
the area for the permanent CDF.would be removed and placed in the temporary

CDF. The bottowm and sidcs of the permanent CDF would be lined with an

* A teble of factors for converting non-SI units of measuremeunt to SI
(metric) units is presented on page 5.

by
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fmpermeable geomembrane Iiner. The NUS Corvporation sugrerted that placement

of the liner would probablv require dowatering of the CDVF

5 Dredging with disposal In an upland containment site. This

e

alternative also requires the temporary CDF cn the western side of the Uppor

Fstuarv in the cove. Dredged material would initiallv be dredged into the

temporary CDF, where it would be held for initial ccnseclidavion and dewatering

by decarntation. Decanted water would be treated prior to release to the

The dewatered dredged matevrial would be excavated from the temporary
The upland CDF would

estuary.
CDF and trucked to an unidentified offsite uvpland CDF.

be fully lined for leachate collectlion and treatment.

9. Dredging with disposal in in-harbor subsurface ceils. This

alternative consists of disposal of contaminated sediment from the Upper

Estuarv in a number of subaqueous cells (Figure 4) in the bottom of the Upper

Estuary {(NUS Corporation 1984b). These cells are excavated by dredging to an

elevation well below the depth of contamina;ion. Contaminated dredged mate~

rial is placed in tﬁe bottom of the cell and covered with a layer of 'clean

sediment, which returns the Upper Estuary bottom to its original elevation. A

CDF 4n the cove on-thé western shore-would-temporarily store the contaminated

sediment from the first subarea or cell. A second temporary CDF would be

constructed on the eastern side of the Upper Estuary for storage of clean

AR

sediment dredged from the first subarea at depths below the extent of contami- :
The cells would he sxravated, filled with contaminated sediment, and ’ ¢

This alternative will be referred to in this

nation.
capped in a stepwise fashion.
raport as the CAD alternative.
Levelopment of alternatives

10. £. C. Jordan Company (1987) has reviscd the list of alternatives iIn
Technologies =2lected for incor-

&

its FS of remedial actions for the estuary.
poration into remedial alternatives are illustrated in Figure 5. The four NUS

-
¥
§
!

dredging and disposal alternatives described above have been combined and

reduced into two alternatives.,
Removal, disposal in shoreline or isiand CDFs, and water
treatment.

3.

b. Removal, temporary storage and/or disposal in shoreline CDYs,
and disposal in CAD cells.

11, Shoreline disposal includes all identified CDFs adjacent to the

estuary and harbor. Sites that are partially or totally in the water will be

RETTEN
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consideraed nearnhiore sites, and those with a bottom elevation higher than mean

high water will be considered vupland sites. These two alterrnatives have

Lol

passed the screening of alternatives step of the RI/FS process (Figure 2)

[
3
2

will be analyzed 1in detail by E. C. Jordan Company in accordance with the
USEPA gzuidance (USEPA 1988). This EFS supports the detailed analysis of
alternatives by providing information that may be useé to evaluate the coun-
taminant mobility, Implementability, and cost for these alternatives.

12. This USACE investigation of these two alternatives considers the
conceptual design of the components of the alternatives. Design options for
CDF alternative a include lined CDFs, unlined CDFs, effluent, surface runoff
or leachate treatment processes, and covers or caps. Upland and nearshore
CDFs are evaluated. Design options for CAD alternative b are associated
primarily with the sequencing of construction and the number of CAD cells and
CDFs. Both of these alternatives involve dredging for rewoval of the contami-
nated sediment. The EFS evaluation.of dfedéiﬁg équipment and controls during

dredging hag been documented in Report 10 and will not be repeated in this

report.

Purpose and Scope

13. The purpose of this renort is to evaluate conceptual dredging and
disposal alternatives, including upland, nearshore, and CAD, for the Acushnet
River Estuary. The evaluations are based on the results of sediment testing
and sediment transport modeling. Generic requiréments for the upland, near-
shore, and CAD alternatives are described. Technical feasibility of con-
ceptual design options is based on site availability, capacity, and
characteristics and on sediment physical characteristics and dredged material
settling behavior as defined by laboratory testing. Contaminant téleases dur-
ing dredging and disposal operations are estimated for each disposal option.‘

Controls to minimize contaminant releases are based on the Management Strategy

outlined by Francingues et al. (1985). A preliminary cost estimate for imple-

mentation of each option evaluated is also presented.

10
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PART T DESCRIPTION OF UISPOSAL OpvioNs

This part of the report will present generic descriptions of

The objective of all of these options is

14,

upland, nearshore, and CAD cptiocns.,

to confine the drodped material colids in the disposal facilicy. Sizinp of
moverial storage followd a similar procedure ‘ov

o

(S

v e o feet L
litles lor dredsyen

This procedure 1s described in Engineer Manual (FM)

b

these fac
1110=2=5027

cach option.
(USACE 1987). Principal differences in these three options are their

carrier water removal, contaminant relcase

O

geohydrology, sediment chemistry,

rates, and contaminant pathwavs affected.

Upland Disposal

15. Uplaund disposal in a CDF involves the placement of dredged material
in environments not inundated by tidal waters. Upland sites are normally diked

confined arcas that are hydraulically filled and retain the dredged solids

Cwhile aIlowing the -carrier water ta. he released (Figure 6) Upland sitcs. in

the context considered by NUS Corporation (1984a), may also accept drcdgcd

material that has been dewatered near the dredge site and transported by truck

or rail to an upland location at gome distance from the site.

Upland CDF componénts
16, Nearly all upland disposal sites are diked areas.

The major com~-

ponenfs of a diked CDF are shown schematically in Figure 6. The two objec-

tives inherent in design and operation of containment areas are to provide

adequate storage capacity for meeting dredgirg requirements and to attain the

highest possible efficiency in retaining solids during the dredging operation

(USACE 1987). Hydraulic dredging adds several volumes of water for each

volume of sediment removed. The amount of water added depends on the design

of the dredge, physical characteristics of the sediment, and operational fac-
tors such as pumping distance. The sediment and water are transported to the
When the dredged material is initially

CDF as a slurry of water and solids.
The

deposited in the CDF, it may occupy several times its original volume.

settling process is a function of time, but the sediment will eventually con-

solidate to its in situ volume or less, if desiccation occurs. Adequate

volume must be provided during the dredging operation to contain the bulked

sediment.
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17, Ciaritlied water is neormally discharged from toe DT over o weir,
This eifluent can be character{zced by its suspended solids concentratian and
rate of outflow. F{fluent flow rate is approximately cquai to iafluers flow
rate for centinucusly coperating disposal areas. To promote efifective sedi-

mentacinn, ponded water is maintained in the area by adjusting the weir eleva-

toe dredoed moaterial laver fnercases with time un

tion, The thicvnoss of
the CDF fills with solids and dredging must cease. The druedged muterial will
continue to zettle and consolidate with time, potentially producing adcquate

volume for additicnal 1{{ts of dredged material (USACE 1987},

Contaminant migration pathways
-18, - ‘Migration pathways. affected by upland disposa 1 (Figurc 7) include

discharges ‘to surface water during filling operations,‘releaqes from the set-

tling and dewateving of the dredged material to surface water, rainfall runoff -

into surface water, leachate or secpage into ground water or surface water,

volatilization to the atmosphere, and bioturbation. Bioturbation includes
plant uptake and subsequent cycling through food webs and direct uptake by

2trimal- popalationq iving 1n, close association with che dreogeo matLrAal.

Fffects on surface water quality, ground-water quality, air qualjtv, p]antq, o

and animals depend on the ~haracteristics of the_dredged material, management
and operation of the site during and after dredging, and the proximity of the
CDF to potential receptors of contaminants.,

Physical/chemical changes
19. Wwhen dredged material is placed in an upland environment, drastic

physical/chemical changes occur (Peddicord et al, J986). As scon as the

dredged matertal is placed in an upland CDF and exposed to the atmosphere,

oxidation processes begin. The influent slurry water initially is dark in

color and reduced, with little oxygen as it is discharged into the CDF from

the hydraulic dredge. As the slurry water passes across the confined disposal

site and approaches the discharge weir, the water becomes oxygenated and will

usually become light gray or yellowish, light brown. The color change indi-

cates further oxidation of iron complexes in the suspended particulates as
they move acrecss the CDF. V

20. Once disposal operations are completed, dredged material consolida~
tion will continue to force pore water up and out of the dredged material.
The weir 1s usually designed and operated to provide drainage and removal of

this water. This drainage water will continue to become oxidized and lighter
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in color. Once the surfaced pore water has been removed from the suriiace of
thie CDF, the exposcd dredged material will become oxidized and lighter (»
color. The dredged material will begin to crack as it drles out. Accurl
tion of salts will develop on the surfacc of the dredred material and

especially on the edge of the cracks. Rainfall events will tend to dissolve

and rowmeve these sait accumulaticns in surlace runceff. Certain metal contami-
nants may become dissolved in surface runofr.
21. During the dryving process, organic complexes become oxidired and

decompose. Sulfide compounds also become oxidized to sulfate salts, and the
pH may drop drastically. These chemical transfermations can release complexed
‘contaminants to surface runoff soil pore water, and leachate. Surface runoff

: :esting -of Acushnet River Estuary sediment demonqtrated an increased’ mobility

7

of cadmium, copper, and zinc after drying and oxidation (see Report 4y, In
addition, plants and animals that colonize the upland site can take up and

bioaccumulate these released contaminants, o
22. Volatilization of contaminants depends cn the types of contaminants

L r———

...present._in the dredged material and the masgs transfer rates of the contami~

.
7

AL WA N T e Ly

nants from sediment to air, water to air, and sediment to water.’ Rélease of * " > i oo ol L
the dredged material slurry above the water level in the CDF will enhance
volatil4zation as the slurry impacts the CDF surface, creating turbulence and

releasing dissolved gases. The transfer rate for organics such as PCBs from

s,

water to afr is generall;, si..er than from sediment to zir (Thibedeaux, in

preparatioﬁ) Therefore, the inundated dredged material prior to dewaCering

o e

is less likely to produce vclatiles than the sediment as it dewaters anrd

dries.

Nearsuore Disposal

23. Nearshore disposal sites are CDFs located within the influence of

normal tidal fluctuations. Dredged material is added to the diked area until

..-m.‘.,‘ , ‘__.

the final elevatinn is above the high-tide elevation. The filling process and
design for sediment storage and effluent suspended solids control are
basically the same as described for upland disposal. Three distin;c phyvsico- .

chemical environments exist at a nearshore site after filling (Peddicord

et al. 1986).
a. Upland--dry unsaturated layer.

-~
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b, Intermediate--partially or intermittently saturated laver.
¢. Flooded--totally saturated layer.

Nearshore CDF components

24, Nearly all nearshore disposal sites are diked areas. The major
comporants vl a diked nzarshore CDF are similar to those shown s:hematically
in Figure 6 for an upland CDF. The principal difference {is that nne ar more
sides of the nearshore CDF are constructed in the waterway, and the remafning

sides are constructed on the shore, use the shoreline, or connect tc the

shore.
_Contaminant migration pathwqys
25. Jnigrggioﬁ pathways affected by nearshore disposal (Figure 8)

include all of the pathways discussed for tipland’ disposal. . Additional con- .

siderations for nearshore sites are soluble convection through the.dike by
tidal pumping in the partially saturated zone and soluble diffusion from the
saturated zone through the dike. Grouﬁd-wétef seépage into or through the
..8ite.can 2750 be a factor affecting contaminant migration. These additional
pctéﬁfi$1 fluxégvé¥fgét pfiﬁgfffy the suifadefﬁétérrpaehéayw. R
Physical/chemical changes ‘ ‘

26. When material is initially placed in the site, it will all be
The saturated condition

flooded or saturated throughcut the vertical profile.
1s anaercbic and zrnduced, which fovors immobility of contaminants, partic-
ularly heavy mecals._ After the site is filied and dredging ceases, the.
dredged material above high cidé begins téxdéwater and consolidate through
movement of water downward as leachate, upward and out of the site as surface
drainage or runoff{, and laterally as.seepage through the dika. As the mate-
rial desiccates through evapotranspiration, it becomes aerchbic and oxidized,
wmobilizing some contaminants as described previously. At this point the sur-
face layer has characteristics 1ike an upland site. '
27. The bottom of a nearshore CDF below the low-tide or ground-water
elevation remains saturated and anaerobic, favoring finsolubility and contami-

nant attraction to particulate matter. After dewatering of the dredged mate-

rial above the flooded zone ceases and consolidation of the material in the

flooded 7zone reaches its final state, water movement through the flooded mate-

rial is minimal and the potential for migration of contaminants is low.

28. The intermediate layer between the saturated and unsaturated layers

will be a transition zone and may alternately be saturated and unsaturated as

14

2

Sueq

N

r2nh




the tide ebba and Tloods (Fipure 8Y0 0 The deoth of thin oo and the volure of
dredged material aftected depend on the ddiference in t:le cievations ad on
the permeabiiity of the dike and of the dredged oateriai. With Jow poime-

abiiity materinl, the volume of CDF materlal impacted by this tidal pumping

tion g very emall compared with the CDF total volume.

Contained Aquatic Disposal

CAD cemneonents

29. Centained aquatic disposal consists of excavation of a subsquecus

upit within the.estuary or waterway; contfolled accurate placement of centami-
s mated- dredged material in.the bottom of the pit' and capping of the contami—
.nated dredged material with a layer of clean, or leqq conCaminated drcdged )

material. A CAD cell is not simply a variation of open-water disposal, but is

an engineered structure, similar in some respects to a CDF. The sidewalls of
the CAD provide lateral confinement of the dredged material slurry and provide

T v .the’ capac1ty for 7one qettling of the slurry. The cap is deqibned based on

laboratory testing to determlne the’ chickness necessar) to prevent diTFus{on’
of chemical contaminants into the overlying water column and to prevent bur-
rowing organisms frem breaching the cap (see Report 6). Physical characteris-~

tics of the capping material should be resistant to erosion and resuspension

under prevailing currents =nd -'=res at the site,

30. In some waterways, existing depressions or submerged éikes may be
used in lieu of excavation for the pit. Howcver, for CAD qitea in the Upper
Estuary of the Acushnet River, the pit must be excavated. This creates an
additional handling problem since the top layer of excavated sediment in the
estuary is contaminated restricting tts disposal or temporary storage.

31. Accurate placement of the contaminated material to the design
elevation and capping to the required thickness 1s a critical component of the

CAD operation. For hydraulic pipeline dredges, the cubmerged diffuser (see

Report 10) is recommended for this part of the operation. After initial

placement of the cap, the CAD site should be monitored for erosion or con-

solidation of the cap, bioturbation, and chemical migration. Mainterance of

the cap, 1f necessary, would likely include placement of additional lifts of

material until consolidation is complete.
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Contanminart miorarion pathwavs
32, As dredped material slurry Is pumred inte & CAD cell, the olurry
separates inte twe components: a turbid supernatant, ov suspended Iractiecn,

and a dense, high-solids concentration suspension near the bottom of the cell.

dense sunpension will undergo settling and expel pore water, carrying some

SULNTAON

sugpended solilds, particle-asseciated contaminants, ad dissalved contaninante
into the supernatant. The suspended material will either be carriced away trom
the CAD cell by ambient currents, or will secttle and deposit onto the dense
suspension. The dense suspension will remain in the CAD cell as long as

ambient currents are insufficient to entrain cr erode the naterial, Fory the

estuary sédiment tested for this EFS, n;arlx all of the suspewﬁcd Tucc*ial

'w~ll escape the CAD cell: (see Report 2).. . L
35. Contaninant migratlon pathways for CAD are 111ustrated in Figure 9

During the dredging and disposal operation, surface water will be affected by
the ccentaminated suspended fraction released as the slurry settles. However,

in contrast to upland disposal, the contaminants will be maintained in their

.huﬁaeroblc condition- fof ‘the mest:part, limiting the physical/cherlual changes

LR L

that increase solubility and mobility of many contanlnant 4 Inuigcnous

biological populations within the CAD nell will be covered or placed in direct

contaci with the contaminated dredged material. This local impact occurs for

all other removal alternatives.

34. Once dredging is coumplete and the cap 1s in place, the dredged

material will continue to consclidate and expel pore water beyond the

boundaries of the contaminated material in the CAD.
vection of the pore water will affect ground water immediately adjacent to the
CAD. However, the relatively static'condicion of the ground water beneath the
estuary is not favorable to far-fieid transport away from the CAD area.

Upward movement of this pore water must pass through the clean capping mate-

rial to be released to the overlying surface water., Some of the pore water

contaminants will be sorbed or attenuated as the pore water moves through the

cap. The thickness of the cap is selected to minimize contaminants escaping

through the cap and to prevent pioturbation through the cap into the contami-

nated material, It may be necessary to add additional clean material to the

cap until the contaminated material reaches its final consolidation state and

convective transport of pore water ceases. At this point, the contaminated

sediment in the CAD celi uas physical and chemical characteristics similar to

16
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ap.

{solated from the envivonment by Liw

impacts on contaminant mobility, and volatilization is not a pricrity

issue for the CAD alternative. A potential exists for long-term ground-water
& X

AT

upward threugh the CAD where the ground-water elevation near the

shorciine adjacent to tihie CAD cell s orcatey than the

not quantified by this study, but the impact on corn-

tion. This potential was

taminant mobility will be limited by the low permeability of the consocliidated

dredged waterfal. Quantification of this flux would require detailed
>4
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DART Li:: ReVIEW OF SEDIMENT CHARACUTERILTICS AND HGoVhL 0P 1ung

Depth and Area To Be Draedyed

35. The area and depth of the Upper Estuary to be dredged depend cn the

action level reguired to clean up the site to zacceptably levels of PO and

heavy metals contamination. This action level is being evalvated, incor-
porating a contamluant fure and transport model coupled with a fced chaln
mocdel into an overall risk assescment., The acceptable level of contamination
izpacts the area and depth of sedZment that must be removed {rom the Upper

-Estuary. In_.the, Upper Estuary, including the adjoining wetlands, volumes at

'-~three-depths‘argfas;follbys;_

PCB . Total Cumulative

Concentration . Volume, cu yd = Volume Volume
ppm 0-1 ft 1-2 ft 2-3 ft - cu vd cu yd
>5,000 g,25¢9 2,315 0 11,574 11,574
. >§§Q%§}DOO _ :99,537 18,518 2,315 120,370 131,944
' '>50-500 162,637 . .57/870° - 11,574 - 231,48k . 363,425,
0-50 155,092 331,018 395,834 881,944 1,245,368
Total 425,925 409,721 409,723 1;245,369

This table shows that if an action level of 50 ppm PCB were selected, removal
of 343,107 cu yd of sedimenc wourd be required. Approximazely 73 percent of
.this volume is in the top 1 ft. Only 4 percent is the 2- te 3-ft layer, but
removal of 3 ft of material for all of the area wore than-triples the total
volume. E. C. Jordan Company used an area of 264 acres for estimetion of
these volumes for the top 1 ft and 254 acres for the next 2 ft.

" 36. - Report 10. recommended an operational method for dredging the upper
2 ft of the Upper Estuary. This method is to reﬁbve.cdﬁtaﬁihated'sédiwent in
cuts approximately 1 ft depth.- Because dredges cannot precisely cut a given
thickness of material due to changing topography of the Upper Tstuary bottom
and varying surface-water clevations, a seccend pass of the dredge would
operation. The secénd pass 15 less

increase etffectliveness of the reuoval
This

important where the contamination is relatively low in the top I ft.
evaluation of disposal alternatives is based on removal of the top 2 ft of

sediment from the Upper Estuary plus an additional 3,500 cu yd from the

18
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2- to 3-I0 depth i the hot-spet area (Grids J7 and 111 in Tigure 10Q).

tional wvardage {rom the 2~ to 3-{t stroftum wihere measurable centarinant con-

centrations are mapped could be dredged 1n lieu of the 1- to 2-ft stratum
where coantaminaticn is very low without affecting the evaluation of a given

design option. However, dredging 3 £t from the entire Upper Estuary cannot be

the provision of additicnal CDF capacity.

N

_-1
]

37 Task | of the EFS included a topographic survey aof the Upper

Estuary and poteutial disposal sites in the Upper Estuary and upper harbor.

Results of the survey (Appendix A) werc used to compute the area to be dredged

and the volnme of dredged material resulting from a 2-ft depth of cut,
Dredging is covsidered for removal of the contaminated sedinent to the mean

~-high tide. elevation, selected as +4, O above mean low waCer. Thié'area‘ig

identified on the grid map for the Dpper equary used in previouq ‘tasks for’

sediment sampling and characterization (Figure 10). The surface area within

Removal of 2 ft of sedimcnt from
Included in

the +4.0 contour is approximately 187 acres.
the entire area yields a volume of approximately 603,000 cu yd.
.,qbe_ﬁd.O ccihtoir area is the develope6 area on the western shore of the Upper
Estuary. This bank has been previously filled with riprap, consfruction

debris, and other materials. A ground reconnaissance of the shoreline con-
firmed that this strip, ranging in width from 10 to 50 ft, cannot be removed

with a hydraulic dredge. This estimated 50,000 cu yd of material may be
The dredged material

resoved by operating « clamshell dredge from the shore.
way be transported to the disposal site by truck.

28, This'evaluation does not address removal of contaminated sediment
The area affected by this assumption is primarily the

akove mean high water.
Because of the potential

wetlands on thz Fairhavei: side of the Upper Estuary.
logss of envirormental resources associczted with this area, romoval of contami-
" In the event site remediation requires

nated wetland sediment seems unlikely.
removal of this sediment, mechanical removal from the land side at low tide

should be considered to minimize the CDF volume required for disposal.

Sediment Characteristics

,‘ng -

39. Sediments in the Upper Estuary have been characterized by a number
However, prior to the EFS, most of the studies evaluated g

of investigations.
and included limited

only the surficial sediment, focused on the hot spot,
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racterization of the material. Task 2 of Uhe U5 collected sedi-—

ment coves and analvzed these {or chemical contaminants and phvsical (enei-

neering) chaviacteristics. Results of the initial characterization have beeu

reported by Condike (1986). During the cecurse of the FS, additional cores
have heen analyzed physically and chemfcally, providing additional inferma-

tics dmportant to evaluation of CDF design optlons are sum-
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ized below,
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“ngineering charactexistics

40, Enpineering characterization data are summarized in Appendix R,

The sediments to be dredged are a mixture of organic silts and clays with

sand, sandy silts, and silty sands. The sediments are described horizontally

in‘un;ts'cqtggspond;ng_té the‘grid ¢elis and vertically in distinct sediment
Iayeis corrésﬁohaiﬁgvfscéedimeﬁt depéhs:of'CI;o 2'ftg'2'to S ft, 5 to 10 fe,. . .

and below 10 ft. The average sediment properfiesvfor these sediment ]a&ers =
Compariscn of the data for the 0~ to 2-ft depth

layer, representative of the contaminated sediments, and the 2~ to 5-ft depth

are shown in Figure 11.

layer, rcpoesentative of the upper portion of the underlying clean sediments,

indicates that these se&iméﬁt"iéyéré'afé'éiﬁirér‘from:a'phfstcal standpoint... .. .
At depths below 5 ft, the sediments are generally coarser, with sand predomi- .
rant at depths exceeding 10 ft. Properties important to CAD and CDF desisn

are in situ water content and percent sand. For the top 2 ft of sediment, the

percent sand is 42 and the water content is 111 percent, which is equal to £ o
IR

e,

360 g dry solids per litre.
Chemical characteristics

41. The PCB analyses of sediment cores for the 0- to I1-ft and I- to
Analy-

2-ft horizons are shown for the EFS grid system in Figures iZ and 13,
ses were averaged for a grid where more than one core or onalysis was avail-
able. These figures show that the density of analyses is much greater for the

northern end of the Upper Estuary, particularly in the vicinity of the hot

spot. Averaging all the concentrations available would skew the mean to the
nigh side. To develop a general pictﬁre of the concentration differences by
grid for the Upper Estuary and to estimate the overall PCB mass in the Upper
Estuary, concentrations for grids with no data were manually estimated based

on averaging available data for adjacent grids. Results of this procedure are
shown in Figures 14 and 15. The PCB mass for each grid cell (Figures 16 and

17) was calculated based on the surface area to be hydraulicelly dredged for e
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cach coll, water content of rhe sodiment for each ool {tnoendix B), and the

I'CR concentratieon assigned to each grid cell., Timing rhis procedure, the total
PCB mass in the top 2 ft for the Upper Estuary is estimated as 170,000 kp.

The accuracy of this estimate is not easily esrtablished; however, this esti-

mate is In the same order of magnitude as that of the E. C. Jordan Company

1oL T o N N I I ] oy -
(13270 PCB conzeurinn affort,

42. Heavy metal concentrations in the Upper Ustuary sedirment exhibit

less variability than PCB concentrations and can be described for the top

1- to 2~ft laver bv averaging sediment cores analyzed by Condike (1986).

Results of this evaluation are summarized in Table 1. Heavy metal concentra-
tion contours prepared by E C Jordan Company do not support changes in the
.- proposed . dredging scenario of removing the top 2 ft of sediment from the Upper -

Estuary, nor do they sunport separate: consideratlon of controls for CDE’ design

options.

Dredging Equipment

MR TP .

43, Ewvaluation of dredglng equipment ‘and dredg*ng conttol te¢hnélogles
has been discussed in detail in Report 10, The conclusions of that report

were that a small hydraulic pipeline dredge could be used to remove the con-

taminated sediment and that a submerged diffuser should be used to evenly dis-

tribute dredzed material 1 tio CDF or CAD. The dredge mav be equipped with

one of three tyvpes of heads: a conventional cutterhead, a horizontal auger or

cutter, or a matchbox head. These dredgeheads will be evaluated by the

proposed Pilot Study (Otis and Andreliunas 1987) that will provide additional

data for selection, including production rate, sediment resuspension rate,

removal efficiency, percent solids produced in the slurry, and costs. Fvalua-

tion of CDF/CAD design options will apply conservative estimates of these
parameters, since no data are currently available to establish equipment-
or gite-~specific values.

44. The nominal production rate for most smail dredges is typically

80 to 100 cu vd (in situ sedimeni) per hour., Restrictions on operating time

mav be necessary to work with the tide for adequate operating depth and for
minimizing transport of contaminants associated with suspended sediment.

Dredges do not operate continuously because of downtime for poaitioning, main-

tenance, pipeline changes, etc. It 1s assumed that the dredge could work an

21



ffective nrodnction time of 8 hr per day. Tihis vieidn o productd

800 cu vd pev dav for a single dredge. Filllng

slow production rate will provide adequate time for settiing and compressicn

of the sediment solids In the CDF and liwmit the daily contaminant flux from
the drodglinn and dispesal operation. If the contaminant flux dees not result

-

two dredgen could epavete sinultnneously

environmental i'{ﬂpiiCt,
arate CDFs in order to reduce the overall cleanup time.

of the dredged material slurry from the dredge to CDFs
above the Cogzgeshall Street Bridge will be by fleating pipellines. The pipe-
line must be carefully monitored during the operation so that pumping may be
dlscontinued immediately if a maJor leak develops.

potent1a1 for pipeline leaks include- the use of . continuously 301ntcd pipe or

Contxols to 1educe the

enclosing the dredge pipellne in a larger pipe to contain any leaks. Trans-

port to CDFs below the bridge will also be by pipeline, but it is recommended
that the portion of the line south of the bridge be a fixed, overland instal-

lation with improved reliability and less likelihood for leaks directly into

‘the estuary.

available CDF by lined and covered trucks.

22

Héchﬁﬁically-remdvedﬁmaterial,may be transported to. the nearest

Vg

N et Y o ——h g |



PALT TV CONFILIED RISTOSAL FACTLITY PVALUATION
Fackeround

Purpose
L Evaluation of ceoniflined tispesal facilities for the Acushret River

Estuary is Task 7, element 2, of the EFS. The purpese of this pare of the

report is to present technically fcasible conceptual CDF designs based on

results of previous tasks and clements of the EFS (sec Report 1). The New

Bedford Harber FS considers CDF «disposal as cne alternative. Although there

<

_are seweral design op*ions for this alternative, which could be considered as
separate alternativeq, they will be referred to in’ this, report as "options" in
order to avoid conflict with the FS terminology. " These ‘options’ iné¢lude near-

shore and upland disposal sites, effluent and runoff controls, and leachate

~controls. A number of combinations of disposal sites and contrel technologies

are possible. The options discussed below are representative of the combina-

tiops avalldbie and rhe most likely scenarios for dredging and confined dis-

posal given Lhe current availabi 1t) "of CPF sites and”anticipated-requirements - - .-

for contaminant removal from the Upper Estuary. Selection of a preferred

design option is the responsibility of the USEPA and beyond the scope of the

‘EFS.

Feasibilityv criteria for ODF evelweation
47.. The scope of this ecvaluation of CDFs for engineering feasibility

includes assessing the implementability, technical effectiveness, and cost for

each design option. Implementability addaresses the technical feasibility of
constructing or operating the design option under site-specific conditions and
the availability of specific disposal =sites, equipment,:materials, and/or con-
ditions that‘may be necessary to implement thg.design option. Technical
effectiveness is cvaluated by determining the effectiveness of contaminant
containment, short-term and long-term, for all pathways for each design
option. Cost includes capital, as weli as operation aud maintenance costs.

Costs will be compared with the tochnical effectiveness of the design options.

23
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Potent{al CDF Sites

43, Detailed descriptions of the six CDF sites considered b

are provided in this section. These sites were originally identified by NIS

a
Corporazicn {1985 In its investigatien and ranking of potential disnosal

sites and have been identified by E. C. Jordan Company as the mast Tiloels

candidate sites for CDF disposal. The locations of these sites are shown in
Figure 18, and preliminary layouts of the CDFs for each site are provided in

Appendix A. Characteristics of potential CDF sites are summarized in Table 2.

ncarsho*e sites in the Upper Estuary

- 49 : Four ‘of the sik sited, Nos. l; 14, 1B, -and 3, are located in the
.Uppcr Estuary north of ‘the Coggeshall Street Bridge (Figure 18) - Thgse:sitesﬁ

are all nearshore sites requiring construction of an in-water dike. Borings

and probes taken throughout the Upper Estuary show a signlficant layer of
fine-grained material of low shear strength that in some locations extends to

depths in cvxcess of 10 f* These soils generallv congist of organic clays and

511ts and could have & narked ‘effect- ot the~ stability of dikes -apd,. postcon-

struction settlement. Due to these conditions, a high-~ strength geotextile

would initially be installed along the in-water dike alignments.
£i11 would then be placed in stages. This procedure would impact the length

Granular

of the construction perfod due *o the need to allow for consolidation of the
weak foundation material between stages of fill placement and prior to filling

of the site with dredged material.

50. One design option presented in this report considers liner systems
at sites 1, 1B, and 3. An effective and moderately rellable linar system
usually consists of a dcuble liner with a leachate collection system above the
top liner and a leachate detection system between the two liners (see

Construction of such a liner syséem will be difficult and expen-
The

Report 8).
sive since these are in-water sites with poor foundation conditions.
construction procedure envisioned for these sites involves t1iling the area
with hydraulically placed dredged material to an elevaticn above the high-
water line. This would provide a more stable base out of the water on which
to construct the liner and would allow operation of the leachate collection

and detection systems.
51. Site ] ~ western cove north of the Coggeshall Street Bridge.

site consists of a shallow cove on the west bank of the Acushnet River Fstuary

This
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aporoximacely F,000 ¢ north of the Coppeshnll Stroce Bridee in New bedf{ord.
The shereldne surrounding the cove Is privateiy owned and vndeveloped excopt
. N . . . .

for approximately 300 ft in the northeast corner thal consists of a concrate

wail frenting 2 parking area and a commercial facility. The site is close to
both commercial and residential areas. A CDF conmstructed at this site would
Le gpproninately 22 acres in arca :nd would have a vdlumetrie capacity of
approzimately 270,000 cu yd of dredped material with dikes built to provide
8 ft of solids storage.

52. Site 1A - shorellne area secuth nf site }J. This site would extend

from the socuth side of the pilot study CDI' to the Coggeshall Strecet Bridge
embapkment« The. shoreline is undeveloped and abuts the parking area for a
-~ commercial: complex.: A:.gas. station As. located adJacent to the shore]ine along
what would be the scuthwest corner of the site. A CDF conscructed in this o
area would cover approximately 4.5 acres and would contain approximately !

30,000 cu yd of dredged material. o
53, qite 1B - shoreline area north of site 1. This site is located !

~:approxiqately 5,300 ft .north of site 1 along the New Bedford waterfront. The ) i
shoreline in this area is privately owned. A s;rip of land approxinatelv” e e
200 ft in width exists between the high-water mark and the line of buildings ;
that extend from the north side of the cove described as site 1 to the ’
rorthern erd of the Upper Estuary. A CDF constructed in this area would cover
~pnroximately 10 acres and would contain appreximately 90,000 cu yd of dredged

‘material.
54, Site 3 - shoreline north of Coggeshall Street Bridge (Fairhaven

side). This site is an open-water area just north of the Coggeshall Street
Bridge on the Fairhaven side of the Upper Estuary. A CDF built in this loca-

tion would be. approximately 10.5 acres in surface area and would contain

- N

approximately 134,000 cu »4 of dredged méteriél. The waterfront in this area

is privately owned and fronts several commercial activities.

e

Upland sites .
55. The only upland sites identified as being available within the

project area are located south of the T-195 highway bridges. These are

identified as sites 6 and 12 in Figure 18.
56. Site 6 - Marsh Island. Marsh Island is a 30~acre peninsula Jocated

i

on the east bank of the Inner Harbor between the I-195 and Route 6 bridges in i;

Fairhaven. The topography of the site is distinguished by bedrock outcrops on h
!
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acres of marsh o In fhe nortieast corner.,

the western end and approximatel 5
The site was once used for the dispesal of dredged material.  Information
obtained from subsurface investigaticns performed by E, C. Jordan Company
found material onsite to be sand. Ground cover is predominaﬁc]y marsh grasses
with scattered brush and small trees. The entire area is privately owned aund
undeveloped except for a small coperations bullding and two radio cormunication
towers at the scuth side of the property. The site is recuote from residentfal
or commercial areas. A CDF approximately 9.5 acres in size could lLie con-
structed 1in the center of the area and would contain approximately 100,000 cu
yd of material.

57. Site 12 - Conrail Railvard. The Conrail Railyard 1is located in

New Bedford adJaCent to  Route 18 becueen I~195 and Route 6. The site is

':_22 acres in” sizé -and"consistg ‘of- an: accive and inactive railyard. The' site is' -
bordered on the west by a residential area and on the east by Herman Melville o
Boulevard. The harbor is located approximately 200 yd to the east of the

site, making this tﬁé only site not adjacent to the water. The site is

o a . —

generally l""*l, with a steep embankment defining its western boundary. Sub-
‘surface’ investigatidnq conducted byv-Es: Ca -Jordan. Compagy . found °Jhsurface B . ;

material to be sands and gravels. A CDF constructed on this 51te would co;-‘ I "5.
tain approximately 325,000 cu yd. Hydraulic transport of dredged material to

this site would require pipelines for influent and effluent to be routed under
Heiman Melville Boulesvard and acrne< the private property that separates this =
site from the harbor. The surficial soil layer at this site has been found to fg

be cortarinated with PCBs, which may require excavation prior to installation

Sf 2 liner.

Design Requirements

58, Basic design requirements for storage of the'dredged material and oo

retention of solids generally control sizing CDFs for upland and nearshore

sites. Requirements for volumetric storage, minimum surface area, effluent
suspended solids, and weir length for CDF design options were calculated using
the pfocedures described in EM 1110-2-5027 (USACE 1987). Design data for
application of these procedures Include sediment physical characteristics p—.
(Appendix B), dredge production rates, and laboratory settling test data.

Setrling data and example calculations are presented in Report 7.
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5%, What must be deteruined for this eviluation is the amount of sedi-
ment that cun be covtained in the available CH¥ volunme aand the optisum
sequence of dredping and disposal operations to use the avallable volunc,

This determination will identify disposal site limitations and optimize use of
available velume. The equatlons and techniques for the two approaches are the
that tha requfred approach is a trial-and-evrror procedure.,

sdame excepr Lant U

Flows and sedinent concentrations

60. e volumetric flow rate for the dredged material siurry may be
related to the dredge production rate, the in situ water content, and the
solids concentration in the dredged material slurry. The production rate {or
~the equipment selected has been estab;ished as IOG cu yd/hr for 8 h*/day

- ‘production,- and the average. in qitu kater content is 111 percent (Appendiw B).

The solids concentration typically achiewed by hydraulic pine]ine dredge is in'{:ﬁ‘

the range of 10 to 20 percent solids by weight. Engineer Manual 1110-2-5027
recommends a concentration of 150 g solids/% for performing laboratory tests
wher no site- and equipment-specific data are available. This evaluation used

& slightly more cangervative solids concentration of 1“5 y/9 for the elurry.

Dilution of the in situ sediment with carrier uate* from 660 £o 125 g/ﬁ
produces a slurry flow rate 5.3 times the sediment production rate, i.e.,

530 cu yd/br, or 4 cfs. This flow rate will be used as the maximum instan-

taneous flow rate for the influent and effluent from the CDF. Average daily
a2

effluent flow hased on a prouuctaun rate of 800 cu vd/day and a 24-hr periced

is 4,240 cu yd/dav, or 860,000 gal/dav.
Features of available CDFs ‘
61. Volumes. Table 2 lists the surface areas, volumes, and other

information for the six CDFs considered for CDF design options. All CDFs will
be designed to include a 2-ft ponding depth to allow for settling of suspended
solids from the supernatant. |
freeboard. Sediment storage depths range from 8 to 11l ft.

was assumed to be available for initial storage of clcan material that will be

The ponding depth

placed as an initial surface cover.
62, Dikes. Typical cross scctions of CDF dikes are illustrated in

Figures 19~21. 1In-water dike construction for sites 1, 1A, 1B, and 3 requires

staged construccion with a base width of 200 ft and a maximum dike height of

12 ft above miw. Figures 19 and 20 show site preparation requirements for
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statlation ol a liner svatem for the In-water sites. Design features for
the upland sites (Nos. 6 and 12) are illustrated in Flgure 21.
63. Weir. Overflow from each CDF should be regulated by a
rectanpular~shaped weir. The height of the weir should be adjustable in order

to selectively withdraw the clarified upper layer of ponded water during all

el

rhnses of the operation. Lowering the welr after the COF is {ilied will allow

dewatering and consolidation of the dredged material. Weir length is desigred
to minimize the approach velocity to the weir and to limit the withdrawal
zone, the area through which fluid is removed for discharge over the weir.
The withdrawal zone should not be deeper than the ponding depth provided for
Cclarification.’’ Report 7 discusses-weir.design for primary and secondary CDF

Ccells.” For a flow of 4 ofs; a mintnfum. welr: length of 8. £t 1is required.,,_u'

CDF design procedure for
. initial storage of solids

64. When sediment is dredged hydraulically, the additional water:

cntrained br the dredge produces an increased volume of dredged material

“Soon® aftet” the unrry ds released into the.CDF, zone settling begin
Particles in the

'.slurrj.
and an interface forms between the solids and supernatant.
so0lids layer touch each other in all directions and form a lattice structure
that settles as a mass. Interparticle forces and the upward flow of water

In a matter of a few hours, the zone

During this

dispelled Ifrom the mass hinder settling.
settling phase is complete, and compression settling begiuns.
phase of the proceés, the lattice structure of the solids is compressed. and .
pore water ié squeezed out. Although both of these processes are active in a
CDF, most of the dredged material in the CDF is in compresslon. Design of a
CDF for storage of solids using compression settling data usually controls the
‘sizing of a CDF (Thackston, Palermo, and Schroeder 1988). Compression
settling data for the Upper Estuary composite’ sample (Report 7) were used to

determine the quantity of sediment that can be stored in the available CDFs.

CDF Design Options

65. Four design options were evaluated. Differences in these design

optiorns are due to liner provisions, sequence of filling, level of contamina-
tion placed in the various CDFs, and selection of CDFs where a choice is

available. The design option descriptions presented below address the
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implementab{lity of the option. Cost and efficiency o! contaminant contain-

ment will be addressed in relative terms in this sectien, but wiil bhe quanti-

fied in Appendixes C and D and discussed in Part VI.

CDF design option A

66. The CDF design option A uses CDFE sites 1, 1B, 3, and 12, all of
which would be unlined. The nearshore CDFs 1, IB, and 3 will be constructed
in the Upper Estuary prior to hepinning dredging, and contaminated sediment
beneath the in-water dikes will be covered with the dike fill. Table 3 shows
the dredging sequence, average sediment characteristics, volume dredged,
dredging rates, filllng times, and dredged material volumes in the CDFs.
Shoreline material within the nearshore CDFs would not be removed. Other
" shorelife material will be clamshelled and placed in CDFs:l and. 1B, .Sites I,
1B, and 3 are filled to capacity; CbF 12 is filled to 70 percent of capacity.

67. Advantages. Option A places the most contaminated material above
the bridge and near its origin. Sediment placed in CDF 12 will be from the
. southern end of the Upper Estuary, and most of it will come from the 1- to
.lZ ft dredging depth, which will .average less tban 100 mg/kg: PCB It involves
removing 484,326 cu yd of sediment, the smallest volume for the four options,
and could be accomplished in approximately 5 years (see Figure Cl, Appendix C)
including 1 vear for construction of the first one or two CDFs. It will also
be the easith option to implement because liners and leachate collection/

*raatment are not required. Construction and operation and naintenance {(O&M)

costs will be low.
68. Disadvantages. Construction of the in-water dikes on soft founda-
Site 1B will be con-

tions will require staged construction and broad bases.
structed near the hot spoc. Dike filling will squeeze highly contaminated

pore water out of the in situ sediment into the Upper Estuary. Containment

effictency within the CDFs will be lower than for lined altermatives, but this‘

will be partially offset by reduced losses during dredging because of the

lower volume. Monitoring the effectiveness of the system will iequire

leachate and water quality monitoring. If the remedy proves to be less effec-

tive than required, future remedial action would require rehandlingz of the
sediment and removal and disposal of potentially contaminated dike material.

CDF design option B
69. This option involves the same CDF sites as option A.

The primary

difference is in the sequence of dredging and the treatment of site 1B.
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Site 1 will be constructed first, and sediment bencath the dikes of CDF IR
will be dredged and placed in CDF 1. Design information for solids starage ip
CDFs 1, 1B, 3, »nd 12 1s presented In Table 4, Placement of the dredged mate-

rvial in the various CDFs from subarcas of the Upper Estuary for this option is
illustrated in Ficure 22. This f£igure shows that the more contaminated sedi-
rent ia olaced in CDFs 1, 2, ard 1L, which are in-water sites located ahove
the bridge. Site 12, which is below the bridge, receives material {rom the
lower part of the Upper Estuary where the sediment PCB concentration is less
than 300 mg/kg (Figure 12). The sequence of cperations for this eption is
shown in Figure €2. Total implementation time would be about 6 vears. None
_..of. the sites would be lined for thiq option. In situ volume removed for this
: opcion ‘is 514,259 cu: yd and dredged material storage volume required is
743,774 cu yd. ' ' ' '
70. Advantages. The most contaminated material would be placed in

CDF 1, and CDF 12 would receive the less contaminated material. Dike con-

struction for 1B may be easier if the contaminated sediment is removed prier

. to placing the fill, The advantageq of comparatively low cost for construc—

=

tion and for O&M are the same as for option A.
71. Disadvantages. Additional sediment volume must be dredged, com-

pared with option A, Lack of leachate controls, difficulty in monitoring and
guaranteeing contaminant containment, and the potential for costlv future
remedial action are also disalva.iages.

CDF design option C

72. This option uses a combinatzion of lined and unlined sites. Sites 6

and 12, upland sites, will be lined and will receive the more contaminated
sediment. Nearshore sites 1 and 3 will not be lined and wiil receive the less
contaminated material., The top 1 ft of sediment within the bounds of the
nearshore sites will be dredged and placed in the lined sites. The mechani-
cally removed shoreline material will be placed in CDF 1. Design data for
this option are presented in Table 5. The dredge production rate for filling
sites 6, 1, and 3 would b»e reduced to provide additional time for compression
settling and to allow optimum use ci the CDF volume. More than 6 years of
dredging would be required to follow the sequence shown in Figure C3.

73. Advantages. This option provides secure storage for the most con-
taminated material and allows for collection and treatment of leachate. The

nearshore (unlired sites) would contain moderately contaminated material.
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This option avelds the ceontructabillity problems associated with 1ining the
in-water sites and takes advantage of proven technology available for lining

the upland sites.
74. Disadvantages. Highly contaminated material will be transported

below the bridpe, creating the petential for greater dispersicn and cdown-
harbor transport of any =pills or lezks that develop during transport.
Effluent from the CDF during the f11lling operation will alsc be released into

the harbor rather than the Upper Estuary. Construction and O&M costs for the

upland CDFs are high.

CDF design option D

A'"””f75} Option D offers the greatest contaminant containment efficiency of
the four o;;cior;;? ""c'oﬁ’s;ia_éred"tsy- this evaluation. 'All.CDFs will be 1ined, and
the top 2 ft of in sicu sediment in the Upper Estuary will be dredged and
placed in the‘lined facilities. Table 6 presents design data develcped for
this option, which requirés construction of CDFs at sites 12, 6, 3, 1, and 1B.
To teduge the ~olume required for initial storage, the dredge production rate
" would be réduccd for all of the CBFs except site-12.. The dredge would be
scheduled to operate intermittently at full production rate to provide the
storage time necessary for settiing. Careful scheduling or a difference in

. sequencing could allow construction of two CDFs simuitaneously and alternate
drecging between the two sites in the same yeér. However, it is unlikely that
the vperation could be shortened to much less than the l2-year dredging period
indicat=d by the cohstfuct{on sequence 1llustrated in Figure C4&. Figure 23
slicwz the CDF destinatlons for sediment removed from Upper Estuary subareas.
This sequence, which places the more contaminated material in CDFs &€ and 12,
was selected because contaminated material from CDF sites above the bridge
must be removed before lined sites can be prepared at these in-water
locations. ’ v

76. Advantages. This option provides improved contaminant containment
efficiency compared with other alternatives, assuming that leachate will be
collected and treated. The reliability and effectiveness of the remedial
action can be monitored, and future remediation is possible if monitoring
detects an increase in mobility of contaminants. Placing the most contami-
nated sediment in CDFs 6 and 12 offers an advantage because the relifabilicy
and performance of lined and capped upland sites with leachate collection and

treatment will be superior to the less reliable in-water sites.
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7700 Dsadvantanes.  This design option Is the most costly. Preparat.
0f the In-water CDFs for installation of a double liner and leachate collec-
tion and detection system will require additional construction time. The

success of this corcept, In extremely compressiblie foundation material, has

net heeu dnmons:pg:cd and may present unforesgcen problems for implementation.

0f the four options considered, this option involves dredging the lirgest

olume of matertal. The contaminant containzent afforded by the lined CDFs

<

partially offset by the increased ccontaminant losses during dredging
of the additional material. The cost of this design option 1s much greater

than option A, B, or C.

Cbntrblvfééhnolbgieé for C5§70§tiéhs-

78.  To provide for increased envirpnmental protection during and after
disposal of dredged material in a CDF, additional control téchndiogies may be
added ‘to or combincd w*th the basic CDF design options described above.

< emke o c———

......

'Table 7 lists the contarlnanc migracion pathways and* ﬁrrncipal controels that.” .. ... m»,,".w.; L

will reduze contaminant releases to the specific migration pathway.

CDF effluent controls
79, Suspended solids removal. CDF effluent will contain suspended

PR MORTATONI A 415D e

solids, particulate-associated contaminants, and dissolved contaminants that

may be released to suriace waters. One of the objectives of CDF design is to

provide for settling of suspended solids. Therefore, all CDFs presented in
this study include adequate ponding depth and surface area for effective
gravity settling of suspended solids. Very efficient suspended solids removal
by plain sedimentation has been demonstrated for dredging projects, partic-
ularly for those i{n saltwater environments. ‘Palermo (1988) found that sedi-

ment retention efficlency in five saltwater disposal areas was above

A A e A, S VI 1

99.7 percent.
80. Additional suspended solids removal can be achicved by adding

polvmers to the CDF effluent to effect chemical clarification (see Report 7
and Schroeder 1983). This technology has been proven at other dredging sites
for suspended solids removal and for PCB removal as well (Hetling et al.
1979). All design options evaluated in this study include provisions for
polymer addition at the weir frem the primary CDF and for a secondary settling

pond to remove the flocculated suspended solids.
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81, Fiitracion s an etiluent contiol techaclopy for Suspended olidyg

recoval that may be coensfdered an add=on unit process. Tiltration of OLF

effluent may be accomplished by conventional {iitration units used in the
water and wastewater treatment Industrles or by pervious dikes or sund-filled

Irs To reduce O&M requirements caused by clogging of tihe filter, pervioun

WOLTS .

M -~ ~ S . - - P ey e e ~ - * - :
dives and sand-filled weirs use a1 coarse-grolined fllter media znd o ot Py

vide the performance required for application to this project. For effective
and reliable contaminant removal, filters selected for this project should be
of the type used in Industry, which have provisions fer replacement and back-
flushing of the filter media. These filters typically use a porous medium
_'sbeéifiéd'fot“the particular stream to be treated an&-uéually-consistwoﬁ,sand.
and anthracfte ot ¢oal. “These filters perform well for influent suspended .. .-
solids concentrations in the range of 100 to 200 mg/l and achieve an effluent
concentration of ! to 10 mg/f (USEPA 1985). Chemical clarification prior to
filtration will assist in filtration of colloidal-size particles, which are

. too small to be trapped by the filter.

. 8%, PUB removal. - The processes’ evaluated' by -this.study .for.further. .
removal of dissolved PCBs are (a) carbon adsorption and (b) oxidation by
ultraviolet light (UV) and hydrogen peroxide. Carbon adsorption following
filtration is a demonstrated technology for PCB removal (Hand et al. 1978,
Additional design information for carbon adsorption will be
The UV/peroxide

Carpenter 1986).
developed during the New Pe’f~rd Superfund Pllot Study.
treatment ﬁas proven effective in oxidizing many organic contaminants, includ-
ing volatiles, and has good potential for effectively destroying PCB. The
treatment offers the advantage of eliminating the need for handling and dis-
posal of residual material, which 1is required for activated carbon. The
UV/peroxide treatment was screened out by E. C. Jordan Company (1987) because
of the resistance of PCBs to oxidation, potential toxic by-products of the
process, and the Iimitations imposed on UV effectiveness by suspended solids
and organic matter. Effectiveness of the process will be tested during the
Pilot Study. Suspeﬁded organic matter and turbidity wilil be removed prior to
the oxidation reaction by flcceulation and filtration.

Surface runoff controuls

83. Suspended solids removal. Suspended solids removal for surface

runoff can be accomplished by the same processes as used to control CDF
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effluent, These Include sedizmentation, chemical claritfication, and
filtration.
84, Ponding. Report 4 presents an evaluation of surface runoflf{ {rom

New Pedford sedimenrt containing 80 ppm PCB. The evaluation demonstrated that
surface runofif frem wet, unoxidized material, such as would be initially
slacecd In the =ite, was contaminated primarlily by panticulate-asscciated
contaminants and that removal of particuvlates would remove 50 to 9% percent of
all contaminants in surface runoff. Maintalning a ponded water volume above
the sediwment layer In the CDF will reduce erosion and resuspension of sediment
and provide opportunity for sedimentation. The secondary settling pond will
--provide additional capacity for sedimentacion. During the time that dredged
material :is being discharged into the CDF, ptecipitation adds to the CDF -
effluent volume, but has 1itt1e impact on contaminant concentration in the

effluent,
'85. Surface runoff treatment. Surface runoff treatment beyond sus-

pended solids remeoval can be accomplished by the same processes as for CDF

- effluent, 1f CDF effluent treatment is provided, the same control measures

could be continued for surface tdnoff creatment. The need for chic tteatment'vn- R i LT

could occur in the event that the CDF is dewatered prior to establishment of

6. Surface cover. The best control technology for preventing contami-

|
!
an adequate cover. g

nant losses via surface runoff once the CDF 1s fillled 1is to cover the con-
taminated dredged material will, a cap that prevents contcct of precipitation
and runoff with the contaminated material and minimizes infiltration of this
water into the contaminated zone. All CDF sites wiil be covered with 2 ft of
clean, hydraulically placed dredged material prior to promoting drainage to
remove ponded water and dewater the surface layer, After consolidation of the
contaminated-dredged material and the clean dredged material cap to the point . ) |y
can work on the site, a layer of low-permeability, .
On top of

that earthmoving equipment
clean £111 should be plecced on the site, graded, and compacted.
this layer will be placed a flexible membrane cover and a tcrsoll suitable for

A p-ofile of the recommended surface cap is shown in

supporting vegetation.
Figure 24.

Leachate controls
87. Leachate from a CDF for dredged material is produced by three

pore water for the dredged material placed in the site, é;;;
[ rewit

potentlal sources:

34

et st 10
-



net precipl
or estuary
Drainage of
of CD¥ site
constructed

b R A Y
LIS wWhelTe

upland CDF

(@}

in contact

tation percoiating through the dredged matesial, ond preund water
water contacting the drodped muterial as a result of tidal pumping.
pore water and percolation of preclpitetion oceurs for all tvoes

s. Ground-water percolation through a site can occur for a site

below the water table, and tidal pumping may occur for nearshore
sinced belew the high—tide elevation. The

e 1
PN .
CUTLL 1y D

aites are all constructed atove the water table and should not be

with ground-water movement.

The time frame duridng and {mmediately after CDF [11ling represeunts

85.

the greatest potential for leachate flow because it occurs during the maximum

head above .the CDF bo;som.anduwhcn,;he,d:edged ga;eriai_pe:mgabi}i;y is

~ ~ -greatesty 'Asfthe~drgdged material.éonéolida;gs;fwaterJLSvexpell¢d~fr°m_§h?,.

LI R

dredged material, and the permeability of the fine-grained sediment is reduced
(see Appendix D). Yot all consolidation pore water expulsion produces

leachate. Some of this water 'is expelled at the surface and evaporates or is.

drained from the site as CDF effluent.
becomes the primary source of leachate from the site. Evaluation of leachate
quality for New Bedford sediment (Report 5) showed that freshwater washout of
salinity from the sediment increased the rate of contaminant desorption from
the sediment and increased the concentratlons of PCBs and heavy metals in

lcochate. Therefore. all sites sheculd include centrols to reduce the long-

" +*oym percolation of precipitation through the site.

90. Surface cover. All CDFs siioculd {nclude surface covers as a control

The cover or cap should be designed to prevent or

measure for leachate,
minimize surface watar irfileration into the contaminated dredgad material.

The cover for leachate control will be in addition to the clean dredged mate-
rial) cover recommended for control of surface runoff. Surface covers for
leachate control cannot be installed until the final state of conmsolidation of
the hydraulically placed dredged material layers has been achieved. .
91. As shown in Figure 24, the cover should inclnde at least three
layers. On top of the clean dredged material will be a layer of fine-grained

material that can be compacted to provide a firm, relatively impermeable

foundation for the primary hydraulic barrier, the second layer. The compacted

material may be produced by grading and shaping the top layer oi dredged mate-

rial, or an additional layer of fill material may be required. Recommended
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for the hydraulic barrier 1s a flexible menbrane moteyiul such as high-densi{t

polyechvlene or similar materlal. The {inal laver is a 2-ft laver of

topunil,
which should be graded for drainage and vegetated with sclected challow-reocoted
plant species or covered with additional capping material or paving for a
parclcular Intended use.

92. Covers sre a proven technology and have been succes:tully imple-
mented at sanitary landfills and hazardous waste disposal sites. Covers have
not been routinely used for dredged material sites, but with adequate design
and construction techniques and suitcble materials, applicatien of cover tech-
nology to the CDFs proposed for this project is feasible, The greatest ceon-

‘cern'for'reliability-of the. cover system is. ‘Toot penetration, consolidation of

 "5under1ying material, and disturbance at the surface by man..'

93. Liners. The second control measure that may be applied to a CDF
for leachate is to line the bottom and sides of the CDF. Liners are designed

to prevent movement of leachate out of the site by providing an impermeable . . _ ;

barrier to leachate flow, Liners control leachate from all of the sources
'?discus;zd above, 1l.e.,.pore water. drainage, precipitation, and ground-water or
tidal flow. Liners must be installed as a component of CDF comstruction. R '.A"h.';
94, A reliable liner system for hazardous waste sites has been defined
by the USEPA as a multilayer system consisting of a double-membrane liner
system with leachate collection below the top membrane liner and leachate N
detection betwecs the top and iue bottom mexmbrane liner (Figure 25). The b
foundation of the site should be of compacted, low-permeability soil. A
flexible membrane liner is placed on top of the fcundation. A drainage layer
between the two membranes is monitcred to detect the need for remedial action
if the top liner falls, Leachate-passing through the dredged material 1s !
collected above the top liner to minimize the head impaczing on the liner !
system. Leachate collection provides the opportunity to treat the contami-
nated leachate from the dredged material.
95. Relisble long-term performance of liner systems 1is subject to a
number of failure mechanisms (see Report 8). Tectnology and construction
techniques are improving, and the double-liner system with leachate collection
and detection provides the redundancy to monitor the performance of this
leachate control technology.
96. Implementation of liner systems at upland sitees 1is possible,

although expensive. Construction of a liner system at nearshore or in-water
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sltes presentys a sidgue wnd JU774cql e construction resvivement., Membrane
Iiners regulre dry condlcloms to allow construction of Jeakproe! senms ard to
prepare the subgrade feor preper installation of the Jiner. Flexible wenbrone

liners may be seamed on dry land or a barge and then placed in the ncarshore

disnesal facilicy. iowever, depanding on the size of the CDF, this may
rogulre g oconcliv el tox oonrepaviv viace the lLiner. liners for dike (acens

have been seamed and instaliled {rom barges with verylng degrees of success.
The changiag environment, such as fluctuating water levels, tidal pumping, and
gas-producing eorganic bottom sediments, and the weak foundation for avallable
nearshore CDFs will also place physical stresses on flexible membrane liners.
.Leachate detection for an“ﬁ—wdtor system would be meaningless.
:97.,, Option D, which 1ncludes lined LDFs at nearbhore sites, requires

"filling the nearshore sites with clean fill to above the high-tide elevation’
to provide the fouandation for the liner system. Using such a construction
sequence will-require much additional time to aliov_for consolidation of the
filled foundation to the point that it will support the liner system and oug?
sequent COuudFiﬂath qedimgnt and cover system. This technology for nearshore
sltes ranks lowest in implementabi’ity “for the control - technologies

considered.
98. Leachate treatment. Leachate treatment is possible for CDFs con-

structed with liners and leachate collection systems. It 1s assumed that a
remedial action requiring leachare treatment would also require effluent
creatment for dissolved contaminant removal._ Leachate could be treatcd in the
same system while contaminated effiuent is being generated. oong—term '
ieachate controls require that a leachate treatment system be in place for at
least 10 years after filiing. However, the velume for treatment would
decreagse as the site ages and the drainable pore water is removed.

Volatilization ' .
99, The volatilization pathway for loss of PCBs becomes very important

if contaminated sediment is exposed to the air and allowed to dewater and dry
(Thibodeaux, in preparation). Transpoft by this pachway can be minimized by
maintaining saturated conditions and a layer of water on top of the contami-
nated dredged material vhile it is being pumped into the site. Prior to
removing the ponded water, a layer of clean dredged material should be placed
on all of the CDFs, Further protection from volatilization losscs will be

f£lorded by a relatively impermeable, permanent surface cover.
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100, suriace covers are also racommended ag the weann for proventivg

direct conmtact of plants and anjmals with the contaminated dredged!
Long~term managenent of the site will require maintenance of the cover and
s for use of the site that prevent breach of the cover by human
uncoentrolled vesetation,

GOV TS av N un

Selection of CDF Design Option and Control Technology Sclicmes

101. This section will discuss the combinations of CDF design options

_(A b, C, or D) and control technologies (Table 7) that will logically meet a

"reSCriction on contaminant release for a particular migration pa:hway. These

chames represent a number of’ feasible alternatives that will achieve a 1eveltw

of contaminant migratifon at an associated cost. Cost versus contaminant con-
-tafoment will be discussed in Part VI. Since most CDF design options and con-
trol technologies address more thén one bathway, éebarate schemés for each

. pa.hwax will not be listed. ]

102, Table 8 presents the CDF gchemes selected for detailed exaluation
and ranking in this EFS. Options Al and Bl represent the schemes that are the
simplest and easiest to implement. Control technologles applied for these
schemes are limited to chemical clarification and a surface cover, These
schemes provide minimum -~rors~tion for surface-water immacts from CDF
effluent,.con;rol gf surface-water runoff impacts on surface waters, control
of prccipitationiinfiltraticn through the CDF,'and control of PCB volatiliza-.
tilon. Options A2 and B2 include chemical clarification, surface cover, and
filtration of CDF effluent. This provides for additional removal of suspended
solids and assocfated contaminants that would otherwise be released to the
surface-water pathway. Options A3 and B3 provide the same controls as A2 and
B2 with the addition of treatment for removal of dissolved PCBs, effecting
further protection for surface waters.

103. Options Cl and D1 include all effluent controls and surface
covering plus additional leachate control. Option Cl, as described in the
initial development I CDF design option C, includes lining the upland sites
for the most contaminated sediment and placing the less contaminated sediment
in unlined nearshore sites. Option Dl proposes Iinstallation of liner systems

for all CDFs. Both Ci and DI would provide for effluent and leachate
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treatment gince 10 4s assumed that, I there is a nced te cxpend tunds for

leachate controls, effluent control:. would also be required.

Monitoring Requirements

8%, Implementaticn of the CDF alternative will.require shert-term
monitoring to ensure protection of the environment during dredging and dis-
posal operations and long-term monitoring to assess periormance of the
rewredial action. Shert-term monitoring should include water quality moni-
toring in the estuary and monitoring of components of the dredging and dis-
poaal system, Long term monitoring will involve sampling and analysis of

.ground water around the CDFs, periodic evaluation of surface runoff from the

CDFs, inspection of the surface cover integricy, ‘and water quality ‘monitoring 7

in the vicinity of the CDFs.

105. . The water quality evaluation would include appropriate hydrologic,

chemical, and biological data collection to assess the contaminant feleasén

ass ociated_,*th implementation of the remedy. Effectiveness of the CDF and
associated effluent treatment processes ‘for meeting performihce’ ‘objectives™
would be evaluated by measuring flow and chemical characteristics for the
effluent released to the estuary and for intermediate points within the treac-
ment process scheme, Results of the water quality monitoring and CDF moni-
toring would provide information for control of the operation to meet
‘dariowable contaminant loads and release rates.

106, A major monitoring operation for imnlementation is sampling after
dredging to determine if the desired contaminant level in the remaining sedi-
ment has been achieved. 3ediment sampling after the dredge should be an
integral part of the sediment removal activity.

"107. Air quality monitoring may also be required; The Pilot Study will
provide an {ndfcation of the importance of this pathway during the dredging
and CDF filling operation. This information can be applied to development of

an appropriate air monitoring program.
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PART V:  CONTAINED AQUATIC DisprUSAL RVALUATION

Background

108 fhe second alternative belng considered by the FS for disposal of

>d sedinescs from th» New Bedford Upper Estuary fs concained
aquatic disposal. This disposal alternative Involves the dredging of the con-
tarinated sediments, placement in preexcavated subaqueous pits, and capping
with clean sediment.

109. Contained aquatic disposal is similar to level-bottom capping but
"with’the'additional‘prqvision of some form of lateral confinement to minimize
'épread of the'materiélé. Level-~ bottom capping may be defined .as che placementw
of & contaminated material at an open-water disposal qite on the hottom in a -
mounded c0ﬂfiguration and the subsequent covering of the mound with clean sed-
lment.. Level-bottcm capping is a dredged material disposal alternative _ o ) ;
routinely used in the US Army Engineer (USAE) Division, New England (Morton, - ?.H
" Parket” and” Richmond-~1984 ;. Truitt. 1987a) and the USAE District, New York :

{0O'Connor and O’'Connor 1983, Mansky 1984, Truitt 19873). The CAD alternative

has been successfully used in Rotterdam Harbor, the Netherlands, for the
placerent of highly contaminated sediments (d'Angremond, de Jong, and de Waard

1986) and has been demonstrated or proposed for a variety of disposal condi~

TR S0 NI RUARE P

tions (Truitt 1986, Environicatal Laboratory 1987, Pal-tmo et al. 19893.
110. In an earlier Feasibility Study for the Upper Estuary (NUS Cor- |
poration 1984b), CAD was evaluated in general terms. Si1x subaqueous cells

in the Upper Estuary and temporary confined disposal facilities were
envigsioned. However, no detailed evaluations of technical feasibility were

conducted. Also, the project conditions with respect to volumes of sediment
to be removed, etc., are being reevaluated. - . ‘ '

111. The CAD option for the Upper Estuary as présently proposed would i
involve use of a small hydraulic dredge for removcl of the sediments. The '
dredged material slurry would be pumped directly into preexcavated CAD cells,
Following placement of the ccntaminated material in a’CAD cell, the cap mate-
rial would be dredged with the same equipment and placed over the contaminated
sediments to fill the CAD cell. A submerged diffuser would be used to control
the placement of material and minimize contaminant release during placement.

This concept is 1llustrated in Figure 26. This sequence of opcrations would
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B vencated o par Uhe requirved nusmber of CAD celle wunti e o roqudved volume o)
material was dredzed and capped.  Infnial removal ol sevme material wito plaoe-
ment in a CDF would be required to create the {irst excavated CAD cell.

112. The CAD operation successfully executed at the First Petrcleum

Harber project in Potterdam, the Netherlands (d'Angremond, de Joug, and de

proposed CAD alternative tor che Upper Estuary,
ect invelved multiple CAD celis, with materlial encavated to
cap a cell forming the excavation for the subsequent cell. A matchbox dredgpe
as used for this project to minimize sediment resuspensiocn, and a submerged

iffuser was used for hydraulic placement cof the material in the CAD cells.

fe

xrc sedirent dredged was a hignly contaminated silt with average grain size of

Toue Qediment resuspension ‘was confined to the immediat: vicinity of the

.dredge-and diffuser. The volume initially occupied by thé sedimentS'in*the.-‘A

cell was approxiuately 1.3 times the In situ channel volume prior to dredging.

Purgose

' flé;v.%ois'oafi b%”%ﬂé'iéﬁ%fé evaluates the technical feasibiliey/..
implementability of CAD as a disposal alternative for the Uoper Estuary site
and definres the design requirements for CAD., It contains descriptions of the
equipment and techniques for dredging and placement, layout and sizing of CAD
cells, required cap thicknesees, ectimates of oontaminant releases associated
with CAD, and monitoring requirements.

114. The general approach for CAD in the Upper Estuary involves "turning
cver" the surficial layer of contaminuted material. To accomplish this, dis-
posal of &n initial pertion of the material in a CDF is required to allow con-
struction of the first CAD cell in & clean area of the clicmnel bottom. The
following evaluatfon of the engineering feasibility of CAD was conducted using
the general procedures found in Truitt (1987b).

Engineering Feasibility Determination

115. The steps used to determine the engineering feasibility of CAD for

this project are as follows:

a. Identify appropriate equipment and placement tachniques for
CAD for the anticipated site conditions.
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» Cetermine acceptable D celils.

e

Determine required cap thickness using appropriate capping
effectiveness testing procedures.

d. Determine the volumetric sizing requirements for the CAD cells
and the corresponding requirements for use of CDFs.

Determine the potential degree of contaminant containment
effectiveness for the CAD alternacive.

_i. Determine. appropriate monitoting requirements and temedial
action. : - :
g. Estimate cost of the CAD alternative.
Steps a through d .establish the implementability of the alternative, step e
establishes the technical effectiveness of the alternative. and.step i A
v“p;gvides_qqst.ggy ;@g gqginee;ing.feasibility evaluation.

L N .

Criteria for Determining Implementabllity
and Technical Effectiveness

116. A CAD alternative that could be successfully implemented and tech-

nically effective for the Upper Estuary should meet the following criteria: ¢

The material can be placed and capped within areas available -
for CAD cells.
b. The capping thickness required to isolate the contaminated

T  material from the environment in the long term can be
successfully placed and that thickness maintained.

c. Estimated contaminant releases during CAD operations down-
stream of the Coggeshall Street Bridge are within criteria to

be established by the USEPA.

8.

Pilot Study

117. A pilot study and associated monitoring program will be used to .
'

confirm the criteria listed above. The pilot study includes construction of a 'é:

CAD cell, placement of centaminated material using hydraulic dredges and dif- éﬁ

fusers, and capping. with clean material. It 1is scheduled for a period of i

approximately 3 months, beginning November [988.
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Selection of CAD site

CAD Site Selection and Description

Sire descrintion

118. The Upper Estuary encompasses approximately 187 acres. The bottom
depths are generally ! to 3 ft below mlw elevation with the exception of a
channel in the lower portion of the Upper Estuary, which varies from 7 to
14 ft deep. The sediments to be dredged are generally silts and clays with
significant fractions of fine sand Détailed descriptions of the site
geomecry, hydrodynamics,‘and sediment propertles are ‘found 1in Appendix B and
Report 2.

- 119. A grid cell system was established throughout the Upper Estuary
for purposes of reference and control (Figure 27). Maps showing water depths

in the Upper Estuary are included in Appendix A.

within the Upper Estuary

120. Potential locations for CAD cells were considered only within the

area of the Upper Estuary. This restriction provides the following advantages:

a. All contaminants from the cleanup area would be disposed
within the area, minimizing the potential contamination of
cleaner areas during the placement operation.

b. The resulting bottom geometry of the Upper Estuary would be
altered to a lesser degree than if large volumes of material
were dispoced outside the area. '

c. Materials used for capping could be obtained onsite at lower
cost if the CAD operation proceeded in a phased sequence.

d. Pumping distances for placement of the contaminated materiai
would be within the capability of small hydraulic pipeline
dredges, svoiding the need for booster pumps.

Influence of currents

121, Currents within the Upper Estuary vary with tidal cycle but are
generally less than 1 fps. This range of current velocities, coupled with the
shallow water depths in the nonchannel portions of the area, will not
influence the point. of placement of material within excivated CAD cells. This
will be further reinforced with use of a submerged discharge, as discussed in
the section on equipment and placement techniques.

122, The major influence of currents at the site is the potential for
erosion and transport of the contaminated material right after placement in

the CAD cells, but before capping. Immediately following placemont with a
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hhwdraulic dredge, the material is still in a slurry condition. Model studies
{sec Report 2) indicate that current velocities associated with a 5.5-{¢
spring tide exceed the acceptable values for shear stress for the newly
deposited contaminated material. A map Indicating zones that are unacceptable
for location of CAD cells due to excessive current velocities and associated
erosive forces 1is shown as Figure 28.

. Influence of bathymet;y i
123, Since. the bottom bathymetry of the Upper Estuary is essentially

flat, no restrictions on location or construction of the CAD cells or place—
ment of materials for CAD are evident with respect to bathymetry over most of
the area. An exception is the immediate area of the channel. The exigting
charnel side slopes would potentially present stability problems during CAD

+ cell ccnstruction. Also, restoration of the original channel geometry fol-
lowing CAD construccion would be difficult. For these reasons, location of
CAD cells within and immediately adjacent to the existing channel was not con-
sidered. The channel areas considered unacceptable for CAD cell location due
to sloping bath:metry fall within the exclusion zones due to currents
previously described. Similar stability problems must be considered in areas
immed{iately adjacent to the shoreline.

Influence of water depth
124, Water depths in the nonchannel areas of the Upper Estuary vary

from 1 to 3 ft below mlw elevation. CTonsidering that the CAD cells will be
excsvated several feet below the existing bottom and only partially filled
prior to cappiﬁg, the contaminacad material will be placed in the cells at
weter depths of approximately S to 10 ft., Such shallow déptbs of placement
have short-term benefit., The shallow depth, coupled with use of a submerged
discharge point, w{1ll minimize additional entrainment of water during the
placement process. If the material were allowed to fall through the water
column, additional water would be entrained in the dredged material slurfy and
could potentially become contaminated.

125. 1In the long term, the shailow water depth is zenerally a dis-
advantage from the standpoint of erosion, since erosive forces during storm
events are stronger in shallow water depths. However, no significant erosion
of in gitu secdiments in the Upper Egstuary has been.observed due to past

storms. In fact, the hydrodynamics of the Upper Estuary indicates that the
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sntire area is depositional in noature (see Report 2), Further, the capping

material 1s of coarser grain size than the existing bottom sediments.

Designation of
acceptable areas for CAD cells

126. Areas deemed unacceptable for locations of CAD cells due to exces-

sive bottom slopes or currents are indicated in Figure 28. The remaining

.areas include the northern half of Upper Estuary, excluding the narrow channel‘

immediately below the Wood Street Bridge, and the cove areas within the Tower
portion of the Upper Estuary. Since the cove areas are the prime candidates
for CDFs required for implementation of the CAD alternative, the only feasible
area for location of a CAD cell of practical size is within the upper portion
-of che Upper Estuary. o T

' 127. Based on éhe above considerations, “an acceptable ‘area’ for locating
a CAD cell configuration was selected (see Figurg 29). This is the only area
available when considering erosion rates and the potential for excessive loss
of material during placement. The irregular boundary was selected to encom-
pass the maximum possible area while allowing for a 100-ft buffer from the

shoreline assumed to be appropriate for stability purposes.

Selection of Capping Material

128. The CAD cells must be excavated within the clean sediment layers
in the upper portion of the estuary. The clean sediment removed by the CAD
cell excavation is the logical source of material for use in capping the
cells. Since a portion of the volume of underlying clean sedimentz used for
the cap will be taken from sediment depths exceeding 5 ft, the cap for the CAD

cells generally will be coarser than the contaminated sediment to be capped.

Equipment and Placement Techniques
129. Basic considerations in planning a CAD operation include the

equipment and techniques required to accomplish the dredging, transport, and

placement of the contaminated dredged material and capping materials.
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Nredging equlpment
for conteminated materia

130. An 8-in. hydraulic pipeline dredge wiil be used for removal of

contaminated sediments, A production rate of approximately 100 cu yd per hour
(in situ yards) is anticipated for this dredge. Assuming use of a single

dredge and an effective operating time of 8 hr per day, the total proouction

. for CAD operations would be approximately BOO cu yd per. day..

Transport and placement
method for contaminated material

) 131. Direct pipeline placement of the contaminated material within the
excavated CAD cells is the logical transport dethod for CAD at thisvsite;. Use
of a submerged diffuser (see Figure 30) for placement is considered a neces-
velocities., The submerged point of discharge physically isolates the con-
taminated material from the water column. The diffuser reduces the pipeline
exit velocity and radially discharges the material at the bottqm of the CAD
cell, The effectiveness of the diffuser will be monitored as a part of the
pilof study. The diffuser design will be in accordance with specifications
developed during the Corps of Engineers Dredged Material Research Program
{DMRP) (M2al, Henry, and Greene 1978).

Predging equipment
selection for capping material

132, Use of small hydraulic dredging equipment (the same equipment as

for the contaminated material) is the most desirable technique for excavation
of the CAD cells and placement of the capping sediment. The operating water
depth in bottom areas from which cepping sediments will be dredged will be
increased by 2 ft due to previous removal of contaminated sediments. However,
this operating depth is etill too small to consider any large hydraulic dredge
type or mechanical dredge.

133. One of the most important considerations in seleczting a dredge
type for the capping sediments is the potential for displacement and resus-
pension of previously placed contaminated material in the CAD cells during
placement of the cap. Hydraulic placement of the cap material using a small

hydraulic dredge and the submerged diffuser will reduce the potential for dis-

placement and resuspension.
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Transport and placement
method for capning material

134. Tne same considerations apply for transport and placement of the
capping sediment as for the contaminated sediment. Direct pilpeline transport
with the submerged diffuser will tend to i1solate sediment resuspension from
the water column. The reduced exlt velocities associated with the use of a

. diffuser will reduce potential resuepension of contaminated material. “The

- radial configuration of  the diffuser, coupled with a moving discharge loca-'p_.” 

tion, will allow the gradual buildup of the layer-of- capping material. This

will minimize the potential displacement of the contaminated material.

Navigation and positioning -
135, Precise control of the location of the dredgehead for excavation

and of the diffuqer for placement will be critical for successful CAD opera-_~'.

tions. The relatively narrow channel width and shallow water depth present no
unusual limitations on the attainable accuracy of onboard electronic horizon-
tal positioning equipment. Another option is to position control rods by

conventional survey techniques.

Capping Thickness Requirements

136. Capping effectiveness tests were conducted to determine the
minimum cap thickness necessary to chemically isolate the contaminated mate-~
rial from the overly*ng water column. These tests are described in detail in
Report 6. The test results indicated that a- cap thickness of 35 cm 1s suf-
fictfent to provide chemical isolation. Additional cap thickness is necessary
to prevent penetration of burrowing organisms into the contaminatazd layer. An
evaluation of the pctential communities that may reco]onize the site has
determined that the burrowing depth of organisms of concern is 20 cm or less.
Therefore, a minimum cap *hickness of 55 cm 1s needed for chemical and
biological isolation.

137. An 1initial cap thicknees of 4 ft should be specified as an opera-
tional requirement. Assuming that consolidation of the cap will be approxi-
mately 1 ft, this will result in a final cap thickness of approximately 3 ft.
This operational requirement will provide added protection and allow for

localized variations in the applied cap thickness.
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Develorment of CAD Options

Use of CDFs

138. In the earlier Feasibility Study (NUS Corporation 1984b), the
entire Upper Estuary was assumed available for construction of CAb cells. The
acceptable zone for location of CAD cells determined for this study constrains

. the use ‘of 'CAD’ for disposal of arl potentfally removable material. The
. options as” developed are therefore a combination of CDF/CAD T

139, For the CAD alternative, use of CDFs is required tc allow con-
struction of'CAD oe}ls. The CDFs are necessary to store contaminated material
from the CAD cell location, allowing exeavation of tne CAD cell in the clean
sediment.loyers. ~Also, CDFs are necessary for temporary storage of clean '
“raterfal fiom the CAD céll ‘dxcavation, wiich would later .‘be‘:o-s'ed’lt’o' dap tlie
CAD cell. Some clean material would also be used to restore reaches of the
Upper Estuary to their original predredging geometry.

140, The sizing and configuration of CAD cells was determined assuming
that the use of permanent CDFs ghould be kept to a mininum. Howevet,tdispoaal
of the contaminated materials of higher PCB concentration in CDFs would
provide a higher level of contuminant containment during and following place-
ment. Therefore, three CAD options were developed, to incorporate the minimum
censtructior and use of CDFs consigtent with a given level of containment.

141. Since selection of a CAD alternative would mean that a higher

"level of contaminant release during placement was acceptable, the use of . .
liners in CDFs to prevent comparatively smali_leachate release rates would be
unwarranted. Therefcre, )1 CDFs were assumed tc be unlined for the CAD
options. . )

142. Six potential CDFs have been identified in the vicinity of the
Upper Estuary. The locaticns of the sites are shown in Figure 18. Site
characteristics are summarized in Table 9. In selecting specific CDFs for the

CAD options, use of sites above the bridge within the Uoper Estuary was

preferable. However, use of sites below the bridge for temporary storage of
clean material proved to be necessary.

Description of CAD options
143, Three CAD options were deveioped consistent with minimal use of
Brief descriptions

CDFs and placement of more contaminated materials in CDFs.

of the options sre as follows:
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Y44, CAD option A (three permanent CDFs). This option involves placing

the more contaminated materials from the northern half of the Upper Estuary
(including the hot spot and adjacent areas) into CDFs 1, 1A, and 3, which
would remain as permanent disposal sites. Contaminated material from the
lower half of the Upper Estuary would be placed and capped in a CAD cell that

would be filled and capped in two sections. Excess clean material from the

- .CAD cell excavation would be temporarily stored in CDFs below the bridge and

later removed for capping and restoration of channel areas. Volumetric
capacity temporarily required below the bridges would be approximately
238,000 cu yd, which could be accommodated within site 12,

145, CAD option B (two permanent CDFs), This option involves placing

.the, more contaminated material (esDentially the hot spot and adjacent areas)

‘ into CDFs 1 and 14, which would remaln as a permanent dispocal site. Contami-
nated material from near the Wood Street Bridge and from the lower half of the
Upper Estuary would be placed in a CAD cell that would be constructed, filled,
and capped as a single cell., Excess clean material from the CAD cell excava-
tion would be temporarily stored in CDFs below the bridge and later removed
for capping and restoration of channel areas. Volumetric capacity temporarily
required below the bridges would be approximately 558,000 cu yd, which would

reguire usc of a combination of sites 6 and 12.
146, CAD option C (no permanénc CDF). This option involves placing

all contaminated materials In a 7D cell. However. the option was found to be
infeasible unless additional CDF capacity for temporary use could be located
within pumping distance of the project area. Site 1 would be used for tem-
porary storage of contaminated materials to allow construction of the CAD
cell. Excess clean material would be stored and later removed from CDFs below
the bridge, as described for previous cptions. The CDF 1 maierials would be
dredged during the CAD filling process. No CDFs would remain as permanent
disposal areas. Volumetriec capacity temporarily required below the bridges is
approximately 1,060,000 cu yd, which exceeds the capacity of CDFs identified
to date. Material &vailable for channel restoration would restore Area C plus
essentially fill the central charns! to the adjacent mudflat level. As an

alternate, Area A could be restored with a portion of the excess material.
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Sizing and Locating CAD Cells

147. A major factor in the feasibility of CAD was determination of the
volumes required for both CDFs and CAD cells in "turning over' the Upper
Estuary sediments. Considerations in determining the sizing and configuration
of the CDFs and CAD cells required are discussed in the following paragraphs.

"S81zing procedures

" 148, When & given-volume of-in;situusedimént.frgm_a channel 1is dredged =

hydraulically, the volume occupiéd in a disposal site (either CDF or CAD cell)
is greater because of water added during the dredging process. The volume
éhange i1s generally a function of time required for dredging, settling

characteristics of the material, percent coarse-grained material, and water

““tontént of the in-situasédiment;l{Fo;;chié;CAD,gvaluagipnq volume changes were.

calculated using procedures for disposal area sizing in EM 1110-2-5027 (USACE
1987). The CAD cells will be oversized to accoﬁmodate fluctuations in bulking
and volumes of material to be filled because, once a CAD cell is excavated and
£111ing with contaminated material begins, there is no provision for perma-
nentiy expanding its CAD capacity.

CDFs for use with CAD options
145. For the CDFs used with the CAD options, the dike center lines fol-

/.

low those shown in Appendix A, providing the storage volumes shown in Table 9.
The CDFs that remain as peraaneué disposal sites will, of course, be filled to
above mean high water elevations (see Figures 19-21).

150. The sizing calculations for CDFs were made assuming that CDFs
would be operated with a 2-ft freeboard and 2-ft ponding depth during filling
for contaminated material. The ponding depth was assumed to be available for
initial storage of clean material that would be needed to place a surface
cover., The minimum final surface cover thickness of clean dredged material
for a CDF used for permanent storage of contaminated material was assumed to
be 3 ft. The surface cover thickness initially placed was &4 ft, allowing fpr
1 ft of surface cover consolidation. On top of the dredged material cap will
be placed a flexible membrane cover system, as shown in Figure 24.
Excavation‘of shoreline material

151. For all CAD options, contaminated material to be dredged adjacent

to the shoreline was assumed to be excavated using mechanical equipment

operating from shore. Enclosed clamshell buckets would be used to reduce
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«piliage cven though the majority of the excavation would be timed to occur in
the dry during low tide. Shoreline material was aésumed to be that extending
from the mean high water line to a distance 50 ft into the channel, The
excavated depth for the shoreline material was assumed to be 2 ft. The
volumes assoclated with various reaches of the shoreline are shown in Fig-

ure 31. The material would be loaded in trucks and taken to a CDF for dis-
posal. 1t was assumed that the volume of material excavated mechanically
“would tiot change.” " ' ‘ o '

In situ bottom materials in CDFs

152. The in situ bottom materials, as well as shoreline materials,
within the boundaries of CDFs that would remain as permanent disposal sites

vere assumed to remain in place. For CAD option C, the in situ bottom mate-

rial in tke CDF was aséuﬁeﬂ“tO'be drédged~wheh-material~waé~redredged from the -

CDF to the CAD cell.

Dredging rate and sequence
153, The method of dredying assumed for the Upper Estuary is described

in detail in Report 10. An 8-in. hydraulic dredge would be used, with an
assumed average production rate of 800 cu yd per day. This production rate
was used in calculation of the required time for dredging discrete horizontal
areas and vsrtical thicknesses. Unlike the CDF alternative, which used lower
production rates to allow tighter placement of volumes in the CDFs, the com-
putations for the CAD alterustive used the full 800 cu yd per day production
for the entire time of filling. Also, times required for dredging a given |
area or vertical layer were separately considered for calculating volume
change, rather than the total time for dredging required to f111 the disposal
site. These assumptions allowed for a greater margin of error in the sizing
calculations.

154. TIn general, the progression of dredging was assumed to be from
upstream to downstream. This allowed the more highly contaminated materials
frcm the upper portion of the estuary to be removed fi:rst and placed in the
CDFs. ’ .

155. The use of the grid cell system (Figure 10) established for
sanpling will be used for referencing and controlling dredging operations.
All breaks between horizontal areas going to respective CDFs or to CAD cells
were set to coincide with grid cell boundaries. This allowed calculations of

volumes to be made on the basis of grid cells.
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Material properties

156. For the CAD alternative, it i= necessary to dredge both the
surficial 2-ft thickness of contaminated material and underlying cleaner
materials, Volume changes that occur due to dredging and placement in a CDF
or CAD celil are a function of the settling properties, percent sand, and
initial water cdntent of the material dredged. The settling test results for
‘the composite sample of.the 2-ft contaminated layer and for the underlying.
clean materials (Report '7) were used for calculations involving tho$e respg¢_
tive layeré. Avérage values of bercent sand and water conténﬁ for a given
horizontal area and vertical layer were used in the calculations. The breaks
between vertical layers were assumed to coincide with those described in
Appendix B and shown in Figure 11, f.e., corresponding toc sediment depth
~-ranges-of .0- to- 2:ft.(contaminated material), 2 to 5 ft, 5 to 10 ft,'and below
10 ft. The material properties for each respective grid cell are ptesented in

Appendix B.
Side slopes

157. FPreliminary analyses of excavated side slopes performed by the

UJS Army Engineer Division, New England, indicate that a 1 vertical on 3 hori-
zontal excavated slope will be stable. Sloughing of box cuts to conform to
tha stable side slopes during dredging is anticipated. The consideration of
side slopes for the excavation of contaminated material is described in
Report 10. For the deepest CAD ceil excavation, the horizontal dimension of
the slope will stil]l be small in comparison to the areas being dredged.
Therefore, for purposes of sizing, side slopes were assumed to have no

influence on calculated volumes.

Hot spot
158. The hot spot is defined as that area with the highsst PCB contami-

nation, and generally corresponds to grid cells J7 and I1l. For the CAD

evaluation, the hot spot was assumed to be dredged along with materials in the
adjacent cells. For all CAD options, the hot-spot material would be dredged
and placed in a CDF where mixing with material of lesse:r contamination would

occur.
Sizing results

159, Maps showing dredged areas, CDFs used, and CAD cell configurations
The sizing results

for all three CAD options are presented as Figures 32-34.
are surmmarized in Tables 10-12. The tabulations indicate a dredzing sequence
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showing both dredged and disposed volumes, accounting for volume increascs.

&#1so shown are disposzal locations. ird

b

cating which volumes fill a given Ch¥
or CAD cell. Calculated storape capacities for CDFs and for CAD cells were
balanced by trial and error with dredged material disposal volumes to within a
few percent, considered to be within the accuracy of these calculations. An
operations plan, to include more detailed configurations of CDFs and CAD cells
. and required sequencing»ofudredging,.wpuld,be.necessaryvfor preparation of
’ﬁiahs éﬁd'épééifiéatiohs'if'a'CAD’bpcion'wete:sélected<fprw&he cleanup. . A
description of the sizing process used for each CAD oﬁtion is given in the

following paragraphs.
160. CAD option A. The bonfiguration of drédging and disposal areas

for option A and the associated volumes are shown in Figure 32 and Table 10.

'Siééé*l; 147 aﬁd CDFV3’§6u1dlbe~y§ed for. permanent. disposal sites of the more

con;aminated material. The sequence of operations would be as follows:

a. Contaminated material along the shoreline, in Area A, and in
Area Bl would be placed in CDF 3. The size of Area Bl was
determined by trial to fill the remaining capacity of CDF 3
for contaminated material, leaving sufficient volume for a

surface cover.

Area Bl would then be deepened to create CAD storage. The
depth of subsequent excavation in Bl (indicated by grid cell
in Figures 35 and 36) was determined by trial to provide
sufficient clean material for the surface cover for CDF 3.
This operation would .close CDF 3.

c. Contaminated material in Areas B2 and B3 would be placed in

jo

CDFs 1 and 1A for contaminated.material.

d. Area B2 would then be deepened to create CAD storage and
provide a surface cover for CDFs 1 and 1A. The depth of
excavation in B2 (indicated by grid cell in Figures 35 and 36)
wvasg determined by trial o provide sufficient clean material
for the surface cover for CDFs 1 and 1A. This operation would
close CDFs 1 and 1A, '

e. Contaminated material in Area Cl would be placed in CAD B1/R2.
Area Cl was determined by trial to fill the available capacity
for contaminated material in CAD B1/B2, leaving zufficient
storage for the cap.

f. Area B3 would be deecpened to create CAD storage and provide
cap material for CAD B1/B2. The depth of excavation in B3
(indicated by grid cell in Figures 35 and 36) was determined
by trial to provide sufficient capacity for the contaminated
material from the remainder of the Upper Estuary. The
required excavated volume exceeds the requirement tor the cap
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Tor CAD 31/B2, so the remainder would be temporarily stcred in
ow the bridge. This operation would close CAD BY/R2.

Contaminated materjal in Area C2 would be placed in CAD B3.

Material from the temporary CDFs below the bridge would be
hydraulically redredged to provide the cap for CAD B3. The
volume avallable exceeds the requirement, so the remainder
would be used to partially restore the channel geometry in

Areas Cl and c2.

.-16l. CAD option B. The configuration of dredged areas and disposal

areas for option B and the associated volumes are shown in Figure 33 and )

Table 11, Sites 1 and 1A would be used as a permanent disposal site for the

more contaminated material.
Contaminated material along the shoreline and in Area B would -

a.

The sequence of operations would be as follows:

be placed in CDFs 1 and lA. The size of Area B was determined

by-trial.to .£411 the capacity of (DFs ] and 1A for contami-
nated material, leaving sufficient volume for a surface cover.

Area Bl would then be deepened to create CAD storage and
provide material for a surface cover for CDFs 1 and 1A. The
depth of this excavation was 3 ft (indicated by grid cell in
Figure 37), and the area of Bl was determined by trial to
provide sufficient clean material for the surface cover for
CDFs 1 and 1A, This operation would close CDFs 1 and 1A.

Area B would then be further deepened to create CAD storage,
This deepening would be accomplished in stages., The initial
depth of excavation in Area B2 and the depths of excavation
for subsequent stages for all of Area B (indicated by grid
cell in Figures 37-29) were determined by trial to provide
sufficient CAD storage capacity for all rezaining contaminated
material., The excavated volume of clean material would be
temporarily stored in CDFs below the bridge.

Contaminated material in Areas A and C would be placed in
CAD B.

Material from the temporary CDFs below the bridge would be
redredged to provide tihe cap for CAD B. This operation would

close CAD B. The volume available exceeds the requirement, so

the remainder would be us.i to partially restore the- channel

geometry in Area C.

162. CAD option C. The counfiguration of dredged aress and disposal

areas for option C and the associated volumes are shown in Figure 34 and

Table 12. No CDFs would be used rs permanent disposal sites.

The sequence of

operations would be as follows:

a.

Contaminated material along the shoreline and in Area B would
be placed in CDF 1. The size of Area B is the largest avall-
able for a CAD site. No storage was provided for a surface
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cover for CDF ! since 1t would be used only as a temporary
El
site.

Area B would then be excavated to create CAD storage. This
excavation would be accomplished in stages. The depths of
excavation for all stages (indicated by grid ceil in Fig-

ures 40-42) were determined by trial to provide sufficient CAD
storage capacity for all remaining contaminated material. The
excavated volume of clean material would be temporar!'ly stored
in CDFs below the bridge and at sites yet to be determined.
The volumé required exceeds the capacity of potent;al CDFs
that have’ been identified to date. - :

(ks

c. Contaminated material in Areas A and c would be placed in
CAD B.

~de -Contaminated material in CDF 1, to include the in situ bottom
sediments within the CDF, would be redredged and placed in
CAD B.

T e B .Mate ial from the. temporary CDFs would be redredged to provide

ment, so the remainder would be placed in Area C. The volume
available exceeds that required to restore Area C to its
original configuration; therefore, the deep central channel
would be filled to depths essentially equal to the surrounding

tidal flats.

163. Option C requires a much larger volume of material to be dredged
compared with other options, requires additional CDF storage capacity, and has
a higher mass of contaminant release compared with other options. Therefore,
it is not retained for detailed evaluation in Part VI.

Finzl Upper Estuary configuration
164, Since estimates of volume increases are overestimated, and the

majority of the consolidation will occur within a few mqnths following
£4114ng, the best assumption for the CAD cells is a return to predredging
geometry. For channei areas outside the CAD celi, the bottom is lowered by
2 ft, but some areas are restored using excess clean material.

165. Finzl channel configurations within the Uppér Estuary for each
option are influenced by CDF construction and the volume occupied by material
immediately after dredging. Summaries of the final configurations for CAD
options A, B, and C by areas as indicated in Figures 32-34, respectively, are
as follows:

a. Final configuration for CAD Option A:

Area A - 2 ft lower
Area BI1/B2/B3 - original geometry
Area C1/C2 - 2 ft lower (excess for restoration irs small)
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1, 1A, and 3 - {i1lled to upland

5
5
chanre helow the bridge 1f site 12 {3 usead

b. Final configuration for CAD Option B:

Area A ~ 2 ft lower

Area B1/B2 - original geometry

Area C ~ no change (excess essentially refilis 2 £t)

CDFs 1 and 1A - filled to upland

CDFs 5 and/or 6 constructed below the bridge as preferred
No other change below the bridge 1f site 12 is ‘used :

i
]
i
i
i

¢. Final: configuration for CAD Option C:

Area A - 2 ft lower

Area B - original geometry

Area C (less central channel) - original geometry

Area C (central channel as indicated) - filled an average of
9 ft higher, essentially f£illing the channel level with the

R adjacent mudflat elevation
T CDF-1-- original geometry . R SO ©
' CDF3 constructed below the bridge (both 5 and 6 required)
Sites 6 and 12 plus additional CDF capacity would be required

Monitoring Requirements

166. Monitoring would be required for the CAD alternative to ensure
that contaminated materiai is adequately capped, contaminant releases are
within acceptable levels, and long-term release of contaminants does not
occur. Monitoring requirements for the dredging operations and for CDFs used ﬁ
for the CAD alternatives are identical to those for a CDF alternative.
However, several monitoring tasks have been~idgntified which pertain solely to

. st ——

the use of CAD cells. Thege are as follows:
a. Bathymetry surveys following CAD excavation, following place-

ment of contaminated material, and following placement of the
cap. These will confirm CAD cell sizing and volumetric ‘
capacity estimates during construction.-

b. Water coiuvmn sampling during CAD filling operations. This é
effort will determine the degree of contaminant release during
filling. €

c. Sediment cores takeﬁ in the excavated CAD cell(s) prior to
f11lling with contaminated material and following filling and
capping operations. This effort would confirm that contami-

nated material 1is placed and capped as called for in the -
design.

Periodic sediment cores taken through the cap and contaminated
sediment. These cores will detect any migration of contami-
nants upward through the cap.

fini )
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167. Similar menitoring efforts are plaunned for the pilot study.
Results {rom the pilot study effert should be considered in develbping a
detalled monitoring plan for CAD if the CAD alternative is selected for the
full-scale cleanup. Many of the additional monitoring tasks now planned for

the pilot study would not be performed for the full-scale cleanup 1if pilot

study results justify deletion of those tasks.

:Cbﬁtrole'for'CAD'Options

168. Additional controls to limit contaminant releases for the CAD

options are associated with treatment of effluent from the CDFs necessaty for

CAD implementation. The CDF controls will be considered only for CAD option A
since it érdﬁidgﬁ'fhe'béét'oppb%tunity‘to~tak§ advantage»ofcﬁhesbanefits:qf.ﬂ,, s

these controls. The same sequence of controls as for the CDF optioﬁs is used.
CAD option Al includes chemical clarification, CAD option A2 adds filtrationm,
and CAD option A3 adds carbon adsorption for treatment of effluent and surface

runoff frcw the CDF. All three options include a surface cover.
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FART VI: DETAILED ANALYSIS OF CDF AND CAD DESIGN OPTIONS

169, Evaluation of alternatives involves a determination of criteria
for each alternative and a systematic comparison of alternatives in order to
present relevant -information for use by decisionmakers in selecting a remedy.
Detalled descriptions of each of the design options evaluated by this report

have been presented in Parts IV and V." The ‘design-options with combinations’
' of additional contfols are identified in Table 8, This part:of the repért. . =~ =
presents 8 detailed evaluation of each of the design bptions in terms of

selected USEPA criteria for evaluation of Superfund projects.

Evaluation Criteria

170. The USEPA directive "Guidance for Cénducting Remedial Investiga-
tions and Feasibility Studies under CERCLA" (USEPA 1988) prescribes nine
criteria for assessment of remedial action alternatives for Superfund sites.
These criteria were selected by USEPA to meet the statutory requirements of
the Comprehensive Environmental Response Compensation and Liability Act
(CERCLA), as well as additional technical and policy considerations important
to evaluating and selecting remedial alternatives. These criteria.are listed

and briefly described below: )
a. Short-term efizctiveness. This critericen examines the

effectiveness of alternatives in protecting human health and
the environment during the construction and implementation

period until response objectives have been met,

Long-term effectiveness and permanence. This criterion
evalustes the long-term effectiveness of alternatives in
protecting human health and the environment after response
objectives have besn met.

lo*

c. Reduction of toxicity, mobility, and volume. This criterion
evaluates the anticipated performance of the specific
treatment technologies.

d. Implementebility. This criterion evaluates the technical and
administrative feasibility of alternatives and the avail-
ability of required resources.

e. Cost. This ecriterion evaluates the capital and O&M costs of
each alternative.

f. Compliance with applicable or éppropriate and relevant
requirements (ARARs). This criterion describes how the

R L



alternative complies with ARARs, or 1f a wailver is required
and how 1t would be justified.

g. Overall protection. This criterion describes how the alterna-
tive, as a whole, protects and maintains protection of human
health and the environment.

h. State acceptance. This assessment reflects the state's
apparent preferences or concerns regarding the al:ernative.

e

Community acceptance. This assessment reflects the com-
munity's apparent preferences or concerns regarding the:
" "alternative, - - S : i S . :

171. The scope of this EFS does not include an evaluation of all of the
USEPA criteria. Criteria dealing with specific environmental impacts, risk
evaluation, compliance with ARARs, state acceptance, and community acceptance
will not be addressed in this report but will be addressed by the overall site
Feasibility Siudy being prepared by E. C. Jordan Company. Therefore, the
evaluation presented below will consider criteria a through e. Short- and
long-term effectiveness will focus on contaminant release without discussing

specific impacts on human health and the environment.

Detailed Evaluation

Short~term effectiveness

172. Short~term effectiveness addresses protéction of the community and
workers during remedial actions. contaminant releagses that may cause environ-
mental impacts during implementation, and the time required for implementation
of the alternative. Shortterm is considered the tiﬁe required to.complete the
dredging and disposal operations, including placement of the surface cover.

173. Option CDF Al. Dredging the Upper Estuary with the small

hydraulic dredges recommended by thie study will have minor impacts on the

community. The dredging operation will be sufficiently removed from the public
to minimize health and safety concerns associated with the sediment removal
operation. Dredge operators will have to take appropriate protective measures
to prevent direct contact with the contaminated sediment, particularly during
maintenance of dredging equipment. The CDFs used for this option will be
located in proximity tc the public and will require restrictions to prevent
access by the public to the CDF sites. Air transport of volatilized PCBs from
the CDFs to human receptors is a concern, but reducing direct exposure of the

contaminated sediment to air will minimize the potential for PCB
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volatilization, Ailr monitoring during disposal operations should be included
as a component of a detailed health and safety plan for the action.

174. Estimated contaminant releases for PCB and copper are presented in
Appendix D (Tables D5 and D7). These releases will affect water quality and,
notentially, aquatic organisms in the estuary. More than half of the esti-
mated contaminant release 1s associated with resuspension by the diedge. Silt
curtaing or screens will be used around the dredge to reduce transport out of
the Upper Estuary, Estimated time for implementation of the alternative.is
S years (see Figure Cl, Appendix C). Time for recovery of the Upper Estuary
from existing contamination is being evaluated by others,

175. Option CDF A2. Effects of this option on the community and

workers are the same as for option CDF Al. One additional concern for workers
“"involves the- filtration unit for CDE éffluentm..?gnsonal pro:engyg measures.
will be required when operating and maintaining fhis equipment, and the fguléd
filter media will have to be handled as a hazardous waste. Contaminant
release estimates, presented in Tables D5 and D7, show that the contaminant
load is slizhtly reduced from CDF Al as a result of filtration of CDF

effluent. Time for implementation is 5 years.
176. Option CDF A3. Short-term effectiveness for this option is essen~

tially the same as for CDF A2 with the additional PCB removal afforded by the
additional treatment unit. Worker protection while operating and maintaining
ths treatment system is a consideration but not an obstacle. Disposal of the
spcat carbon from a carbon adsorption system will be required to derive
benefits from the PCB removal process. Time for implementation is 5 years.
177. Option CDF Bl. Short-term effectiveness is the same as for CDF Al

except that additional ccnisminants are released because of the larger
dredging volume required for the dredging sequence for Optien B. Time for

implementation is 6 years. 7 .
178. Option CDF B2. Tne same considerations for CDF A2 and CDF Bl

apply to the short-~term effectiveness for this option. Time for implementa-

tion 18 6 years.
179. Option CDF B3, The same considerations for CDF A3 and CDF Bl

apply to the short-term effectiveness for this option. Time for implementa-

tion is 6 years.
180. Option CDF Cl. Short-term effectiveness of this option is

improved by the reduced contaminant release attributed to liners installed in
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CH¥s # and 12 [or leachate control. On the other hand, protection of the
community and the surface water pathway becomes more of a concern because the
most contaminated material is transported downstream below the Coggeshall
Street Bridge and because this cption requires removal of more material than
CDF optlons A and B. Fipeline leaks or ruptures during this operation would
have a greater chance for impact on downstream water uses, This option
requifes 5,25 Years to implement (Figure C3).

181. Option CDF D1. The provision for liners ‘at all CDF sites provides

the most control and protection of the community and the environment from con-
taminant releases at the CDF. However, the larger dredge volumes required to
be removed in order to construct the lined CDFs (see Tables 3-6) offset the
liner benefits because of increased total losses at the dredgehead. This
sption retains the most contamihated sedfment 1ri' CDF§-above the bridge but
requires an extremely long time (11.5 years) to implement.

182. Option CAD Al. Short~term effectiveness for option CAD Al is

less than for any of the CDF options because of the contaminant releases
associated witih filling of the CAD cells with contaminated material. Impacts
of this option on the community are associated with contaminant releases to
the water column during dredging and CAD filling. However, all CDFs and CAD
cells for contaminated material are located above the bridge, and disposal
operations are confined to a smaller area than for the CDF options. Time for
1mp1emehtation of this opticn s 7.25 years. .

183. Option CAD A2. Short-term effectiveness for this option is the

same as option CAD Al with only a slight reduécion in contaminant release by

filtration of CDF effluent.
184, Option CAD A3. Short-term effectiveness for this option 1s the

same as option CAD Al with only a slight reduction in contaminant release by
filtration and PCB removal for CDF effluent.
185. Option CAD B. Short-term effectiveness for option CAD B is

degraded because of the relatively high contaminant release amounts associated
with disposal of a subétancial fraction of the contaminated material in CAD
cells. The time required to implement the alternative is 9.5 years.

Long-term effectiveness and permanence
186. The focus of this evaluation criterion is the extent and effec-

tiveness of the controls that may be required to manage the risk posed by

treatment residuals or untreated waste. Analysis factors include the

61

it B

PRI

. b




woanicuds of residunl risws, adequacy of controls, and relfabllity of controls
(USEPA 1988). The magnitude of remaining risks and impacts of contaminated
sediment remaining in the Upper Estuary will not be included in this evalua-
tien, Long term is defined to mean effectiveness of the remedial action after

the CDFs or CAD cells are filled and capped.
- 187. General observations - CDF options. The functions of CDFs as

evaluated for this EFS are to 1solate the contaminated sediment from the
environment and to provide for long-term storage oF the contaminated sediment.
Long-term reliability of the CDFs to contain the contaminants depends on the
ab1lity to maintain an effective cap on the surface of the CDF and prevent
infiltration of precipitation or breach of the cap by human activities, wild-

.1life, or vegetation.‘ Management of the site will include maintenance of the

cap and operation cof additional controls for some design options.

188. All sites will require long-term monitoring to detect movement of
contaminants beyond the boundaries of the site. The primary pathway for move-~
ment of contaminants from the gites will be leachate losses to ground water.
The analysis of water movement from CDFs with an effective surface cover
(Appendix D) shows that the contaminant loss by this mechanism will produce
relatively small quantities of contaminarnt release compared with current
releases at the Coggeshall Street Bridge (sze Report 2). If monitoring wells
detect unacceptable losses of contaminants from the CDFs, additional controls
could be implemented. Movement of leachate from the sites could be controlled
by barriers to ground-water movement such as slurry walls or by in situ
stabilization of the dredged material to bind free water in the dredged mate-
rial into a solidified mass. Removal of the dredged material for storage at a
wore secure facility or for treatment to remove or destroy contaminants could
alsco be implemented. Excavation of the partially dewatered dredged material
could be accemplished mechanically without the addition of water, in much the
same way that other FS alternatives will handle dredged material for further
processing. However, the volume of dredged material to be handied would be
increased because of the additional volume of potentially contaminated capping
and dike material.

189. Evaluation of long-term effectiveness for the CDF design options
is not influenced by the type of effluent creatnent during dredging and dis-

posal. Therefore, CDF design options Al, A2, A3 and Bl, B2, B3 need not be

discussed separately.




90. Options CDF A and CDF B. These ontions do not include any

AP

leachate controls except for surface covers. Small quantities of leachate
from the CDFs cannot be controlled. The magnitude of the leachate losses
cannot be predicted precisely, but the release rates presented in Appendix D
vere Sselected to represent the worst case, based on available information and
leachate testing. The affinity of the contaminants for particulate material,
as evidenced by thelr retention in Upper Estuary sediments, suggests that con-
tainment of the particulate matter in the CDFs in an anoxic environment will
also contribute to retention of the contaminants in the CDF,

191. Ground-water monitoring for the nearshore CDFs will provide quali-
tative and quantitative information on contaminants moving through‘the dike
and bottoms of the CDFs. However, ground-water flow data, which are necessary
“to estimate contaminan; “flux "Will be wére dL{fffcult to collect, "and this
deficiency will present difficult decisions on the long-term effectiveness of
the remedial action. Consolidation of the dredged material and underlying
foundations, particularly for in-water sites, will continue in the long term
and will require careful monitoring and maintenance. Differential settling
within the CDF could impact on performance of the hydraulic barrier portion of
the surface cover and require replacement at some future date. 4

192. Option CDF C. This option improves on CDF A and CDF B by placing

the most contaminated dredged material in lined CDFs at CDF sites 6 and 12.
The lined sites provide betier control and monitoring'of leachate. Consolida-
tion of the dredged material will be accomplished faster by the leachate col-
lection feature of the lined CDFs. Hence, a more reliable cover can also be
installed at an earlier date. Long-term reliability of liners is a concern
discussed further in Report 8. Failures of synthetic membrane liners are not
uncommon (Bass, Lymah, and Tratnyek 1%85), and liners should not be considered
as completely impermeable.

193. Option CDF D. This option includes liners at all CDF locations .

and represents the best degree of long-term contairment of contaminants placed
in the CDFg. Extensive long~term maintenance of the lined CDFs for nearshore
locations will be required because of the difficulty in preparing a suitable
foundation for installation of the liner system. The reliability of these
liner systems is judged to be low. -

194, CAD options. Long-term effectiveneas for each design option (A

and B) for the CAD alternative 1s essentlally the same and will not be
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discussed separately. The CDFs required for the CAD design options have the
sane loug-term effectiveness as the CDF options A and 2, as discussed ahove.
This section will focus on the CAD cells.

195, Monitoring of capped sites for other projects dealing with con-
tamirated dredged material has not indicated any significant potential for
long-term migratien of contaminants upward through the cap. Uucertainties for
the CAD cells evaluated for New Bedford are associated with ground-water flow

upward through the €ap, . erosion of the cap by extreme storm events, or

breaching of the cap by deep—burrowing organisms currently not active in this'”

area. Monitoring of the physical integrity of the cap and contaminant move-
ment through the cap will provide warning of the need for remedial action.
Additional capping material (thickness constrained by mean low water eleva-
tion) can be added if the need arises. If the effectiveness of the cap 1s
maintained, the rnliability of the "CAD alternative in containing contaminantq

is expected to be good.
196, Comparison of effectiveness for design options. Table 13 sum-

marizes the assessment of short-term and long-term effectiveness. Options A3,
B3, C, and D were given a "high" rating for short-term effectiveness, and
option D was a given a high rating for long-~term effectiveness,

Reduction of toxicitv, mobility. and volume

197. This criterion addresses the statutory preference for selecting
remedial actions that employ treatment technologies that permanently and sig-
niffcantly reduce toxicity, mobility, or volume of the hazardous substances.
These technologies should destroy toxic contaminpnts, reduce the total mass of
toxic contaminants, irrevergibly reduce contaminant mobility, or reduce the
total volume of contaminated media (USEPA 1988).

198. The CDF and CAD alternatives in general do not achieve the objec-
tives stated for this criterion. Contaminants in the dredged matérial are not
treated, destroyed, or reduced in toxicity or volume. The volume of contami-
nated material may actually increase because of water entrained by dredging
and partial mixing of clean capping materials with contamirated sediment,
Reduction in volume for contaminated soils is difficult for any technology.

199, The CDF and CAD alternatives remove an estimated 99+ percent of
the PCBs in the top 2 ft of sediment in the Upper.Estuary and isolate the con-
taminants from the environment by capping and/or containment in diked disposal

areags. This reduces the flux of contaminants leaving the Upper Estuary and
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reduces toxicity within the estuary and harbor. On the basis of this improve-
ment, 21l CDF and CAD opntions were assigned a mederate rating for this
criterion.

implementability

200. The implementability criterion addresses the technical and
administrative feasibility of implementing an alternative and the availability
of various services and materials required during its implementation. Tech-
nical feésibility includes difficulties and unknowns associated with construc-
.tiontaﬁd”oﬂéfaéioﬂ} réliébiii;y; ease of-undéftaking‘additibhal remedial -
action, and monitoring considerations. Administrative feasibility includes
activities needed to coordinate with other offices and agencies (USEPA 1988).
Design options will be given one of the following implementability ratings:

a. Easy or possible to implement.
b. Moderate dffficulifes {n {iplementatiom. -
€. Substantial difficulties in implementation.
201. Option CDF Al. The primary difficulties in construction of CDFs

for this option are associated with construction of the in-water dikes for the

nearshore CDFs. The soft foundations for these dikes will require staged con-
struction to allow for consolidation of the underlying sediment. Uncertain-
ties associated with this process have caused construction delays for the
dikes for the Pilot Study CDF. A second construction problem is the require-~
ment for timely placement of a cap on the contaminated dredged material to
avold volatilization, surfacc runcsif, and infiltration losscs. There is some
uncertainty in the length of time for consolidation of the dredged material to
a moisture content that will allow working on the site with the equipment
needed to place a low-permeability cover.

202. The reliability of CDFs to contain solids and provide effective
sedimentation and clarification has been demonstrated. TFuture remedial
actions could be undertaken bv removing material from the CDFs for further
processing or treatment. Monitoring of the CDFs for ground-water contamina-
tion is recommended. As stated in the above under discussion cf long-term
effectiveness, quantification of leachate and ground-water flow rates is
necessary to calculate the rate of contaminant loss by this pathway, but this
is a challenging technique to implement., Administrative feasibility may be
hampered by the problems in obtaining disposal sites and the reluctance of

regulatory agencies to accept unlined disposal facilities for a hazardous
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waste. Materials and services for implementation of this option are avail-
able, with tne possible exception of geotextile material used as a component
of the in-water dikes, which 1s available from a limited number of sources.
The overall implementability rating of this option is high.

203, Option CDF A2. Implementability for this option is the same as

for CDF Al with additional consideration of the filtration step for the CDF

. effluent. Filtration is a readily available, reliable, proven technology for

suspended: solids removal. The implementability rating for this option is high.

204. QOption CDF A3. Implementabilitv for this option is the same as

for CDF AZ with the additional consideration of the PCB removal step. Carbon
adsorption is easy to implement and has been proven reliable for PCB removal.
There is some uncertainty as to the ability of the process to remove contami-
_nants assoc{ated with fine particulate or colloidal matter that may pass
through the carbon column. The UV/peroxide treatment has not ‘been demon—“"
strated for PCBs but has been demonstrated to be effective for similar organic
compounds. Both carbon adsorption and UV/peroxide will be field tested during
the Pilot Studv. Implementability of this option is high.
205. Options CDF B1/B2/B3. Implementability ratings for these options

are the same as for CDF Al, A2, and A3. Removal of the qontaminated sediment
from CDF site 1B prior to building the in-water dike should reduce difficul-
ties in construction for this site compared with CDF A,

206. Options CDF C. Implementability for this option requires con-

sideration of the same factors as CDF Al for the nearshore CDF sites, plus
consideration of construction of the liner installation at CDF sites 6 and 12.
Installation of liners at upland CDFs should not present unusual difficulties -
in construction but will require careful construction techniques &ad Intensive
taspection during installation. The lined sites offer improved monitoring
capability for leachate from the CDFs containing the most highly contaminated
dredged material., Implementability rating for this option is high.

207. Option CDF D. This option requires the installation of lined

sites at the nearshore CDF sites. The construction sequence outlined for this
conponent of the design option is full of uncertainty. Hydraulic placement of
the £111 to raise the bottom elevation above high~water elevation will require
careful gelection of material and control during construction. The volume of
material and the length of time for consolidatioﬁ and desiccation of this

material prior to installation of the liner system are estimates with the
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potential for high variability. Once the liner 1s in place, placement of the
contaminated dredged material and curface cap on tep of the liner may cause
uneven gettling, disrupt the leachate collection system, and puncture or tear
the liner. Reliability of this system fs poor because it is not likely to
meet the objective of containment or collection and treatment of leachate.
Administrative feasibility of this option is improved because it attempts to
meet the ARAR for lining of hazardous waste sites. Materials and facilities
- -for this option are available. Implemeqtability_ofi;ﬁis_opﬁign i1s rated low.
208. Option CAD A. An analysis of fhe:sequence of construction for
implementing the CAD options is provided in Part V. The CAD cells have been

overdesigned in order to avoild schedule delays during construction. Implemen-
tability of the CDFs associated with this option is the same as described for

.-, option CDF Al, The CAD cells can be reliably excavated using hydraulic
-dredging equipmen;. There vill be some sloughing of side walls, but this 1s .
not expected to impact the CAD volume significantly, Uncertainty in the

ability to place the contaminated material in the CAD without large losses of
contaminants during £111ing and prior to placement of the cap is an issue.

Time required for consolidation of the contaminated layer and the capping
material and the degree of mixing of cap material with the contaminated

dredged material are conceras. The reliability of this type of construction

in a shallow estuary has not been demonstrated, Filling and capping the CAD
cells with hydraulic dredges has heen implemented in a project at Rotterdam
Harbor, the Netherlands (d'Angremond, de Jong, and de Waard 1986). A CAD cell
for New Bedford sediment is scheduled to be»tested during the Pilot Study.

Water quality monitoring during the CAD filling operation can adequately
characterize conteminant losses from the operation. Administrative feasibil-
ity could be improved by the reduced requirement for land to construct CDFs

for contaminated material. Availability of services and materials fo; this \

option 18 not an issue. The overall implementability rating for the option is

moderate, !
209. Option CAD B. implementability for this option is basically the
same as for CAD A. The requirement for fewer CDFs for contaminated material _ ;

offers a slight advantage to CAD A.
Cost )
210. The cost evaluation criterion includes capital costs for construc-

tion, equipment, land, buildings and services, relocation expenses, disposal
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engineering expenses, legal fees and license or permit costs, startup

costs,
and shaxedown costs, and contingency allowances., The cost criterion also con-
siders annual postconstruction, or 0&M, costs necessary to ensure the con-
tinued effectiveness of the remedial action (USEPA 1988).

211. Appendix C presents the construction and C&M costs for CDF and CAD

design options developed by this study. A summary of these costs Is presented

©- 1in Table !4, Not included in the costs are estimates for the land costs
'fhecessary*fcr'constructioq,of.the“CDFs,twhichxwill constitute a major addi-
tionai cost. However, this additioﬂal cost will not vary significantly for
the different CDF disposal options evaluated, since all require purchasing
land for CDFs. The CAD alternatives should save on land costs since the

upland CDFs used for this option will be temporary storage sites for clean

dredged materiak... .o ... .. ... .. . ..

Summary

212. Table 15 summarizes the results of the detailed evaluation of
design options in terms of short-term effectiveness, long-term effectiveness,
implementability, and costs, As stated above, all design options reviewed by

this study would rate moderate for the reduction of toxicity, mobility, or

volume criterion,
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Table 1 1
Heavy Metals Concentrations, Acrishnet River F,:stuary Sediment r
Mean Concentration Standard Error No. f ;
Contaminant ppm ppm Samples oo
Arsenic 4.5 0.53 31 !
~ Cadmium 18 3.9 31
_Chromiwm . 350 e T
Copper = 80 C o130 a1
Lead 390 64 ) 31
Mercury 0.75 0.084 31
Nickel 76 16 31
-Zinc 1,SQO - 220 31
Source: US Army Engineer District, New England (1986 data).
&
Table 2
Confined Disposal Facilicy.Capacities :
- Capacity Surface Area .
Site cu yd sq ft
1 270,067 900,000 c
1A 28,318 ' 130,000 G
1B 89,894 210,000
134,654 500,600 d
92,855 250,000
91,240 400,000
12 325,595 800,000
Total 1,032,623 - 3,190,000




Table 3
CD¥ Doatgn Option \, Design lfor Solide Storege

Tn Situ CoF ehF e
Depth Average Aversge Total Te Situ Tine- Ocedging Solida Voluze COF CDF
of Total Sand Water In Sttu Send Crained Rete Dredging In Sity Concen- CD? Fine- Total Avatlable
cor Range Cut Area TFraction Contsat Volume Volume Volume cu yd/ Tise Voids tration Voids Gratned . Voluase Volune Bulkfag
No. Dredged fe acras 3 1 cu yd cy yd cu vd day daye Ratio 8/t Ratio cuyd = _euyd cu yd Factor
13 €2...J12 0-1 11 48 120 34,398 16,360 18,033 600 by 3.0 i 315 6.9 35,745 - 52,108 10,600 1.41
3 1-3
n 1-3 ) ) .
Mechaniesl 16,300 : . 16,500
dredge
1 X2..,M12 C-1 116 4) 16 186,759 80,105 106,654 700 267 2.9 : 370 5.8 184,934 265.0]9 270,000 1.a?
C13.,.N31 0-1 :
Mechanticsl 4,400 : 4,400
dredge
3 e 1.2 39 4y 124 93,116 41,087 31,929 300 190 T A 1Y 6.0 92,1517 133,338 114,000 Lo
12 €32,,.83) -1 9"t L¥4 98 147,13) 69,743 77,410 800 184 2.4 ’ 356 6.0 157,691 227,433 325,000 1.5%
c18.,,03) 1-2
Toeal 484,326

698,815 199,000
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Table 4
COF Desfgn Optfon B, Desizn for Solide Storage

In Situ COF ¢coF T
Depth Avatage Aversge Total In Situ fine- Dradging . Soltde Voluma [90) 4 COF
of Total  Sand Water In Situ Sand Ctafned Rate Dredging In Situ " Concen- CDF Moe-.. Total Avallable
cor Range Cut Ares Traction Coateat VYolume Volume Voluse cu yd/ Time Votds “‘tration Volde Cratoed Voluse Volume Bulking
¥o, Dredged {3 acres 1 cu yd ¢u yd cu yd day _days_ _Ratfo . g/t Ratio cu yd cuyd _eu yd Factor
—I— C2...824 0-] 103 43 124 163,46) 10,49 94,969 800 207 3 3160 3.9 160,921 231,415 270,000 1.40
Mechanical 30,000 30,000
dredge
3 C2,,.N13 t-2 60 A2 123 96,782 40,51) 36,270 400 242 3,1 : }66 5.8 94,056 i14.569 134,000 1,33
Jnaan i-) .
18 C16,,.M20 t-2 24 A0 130 38,704 11,389 23,314 800 A8 3.} 309 7.1 AA,366 59,695 10,000 1,54
12 €2%,..033 0-1 114 48 " 183,310 ° 87,670 93,640 800 229 2.3 . 36 $.9 200,425 288,095 325,000 1.57
c21,,.M3 1-2 :
Total 814,299 743,774 199,000
. e < -
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Table 3

COF Dentgn 7ption C, Destgn for Solide Storage

v

Ia Sttu ;cur COF e
Depth Average Average Total In $1ctu Fine- Dredging Solide Voluae (4:1] cor
of Total Sand Water In Situ Sand Gratned Rate Dredging In Stcu Concen- COF fine- Total Available
cor Xange Cut Area TFraction Contant Volume Valune Yoluma cu yd/ Tise Yotds teration Voids Crained Volume Yoluze Bulking
Ro. Dradged e acres T 3 cv yd cu yd Lu vyl day days Ratto :5/1 Ratto cu yd cu yd cu yd Factor
12 €2..,.%X28 a-1 144 42 120 232,870 97,437 133,433 800 291 3.0 374 5.7 226,495 323,932 125,000 1.39
'
6 C5.0d1d 1-2 (1) n 132 71,713 22,048 49,665 266 270 3.3 '“)71 5.7 77,149 99,797 100,000 1.33
cld,..an 1-2 ‘
17,10 24
M6, .. N? 1-2
1 C2,..84 1.2 100 32 97 161,271 84,004 27,269 600 269 2.4 31 s.7 152,313 236,317 270,000 1,47
KS...L7 1-2 R
ze...M) 1-2
114,..321 1-2
€22,..024 1-2
c29...03 o1 ‘
L28...M28 o-1 h
Mechanical 30,300 ; 30,500
dredge . ’
3 u23.,.827 1-2 [} ] 48 83 17,618 37,088 40,528 300 159 2.1 369 5.8 87,573 . 124,661 134,000 1.61
ne...J28 1-2
€29...93) 1-2
Totsl 573,912 . 815,206 829,c00
.
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Teble &
COF Desipn Opeion D, Design for Solids Storage

in Sita T COF CDF -
- Depth Average Average Total 1s Sttu tne- Dredging . Solids Volume . COF CDF
of Total Sand Mater Ia Siku Sand Crained Rate Dredgtag In Situ- Concea~ COF Floe~ ~  Totsl Avatlable
cr Range Cut Area TFraction Contest Yolumwe Volume  Voluse cu yd/ Time Voids ., tratfon Voids Grained VYolume Volume Bulxing
¥o. Dredged _fe _ acres ] 1 cu yd coyd _euyd day days Ratfo ! g/t  Ratle | cuyd  _cu yd cuyd  Pactor
12 2.1 o1 1M a2 120 231,690 96,943 134,747 800 290 3.0 ., 5.7 225,467 322,410 323,000 1.39
C29...K28 0-1 . P
[} CS..d13 1-2 43 3 127 69,444 23,694 43,750 258 269 3.2 310 3.7 7o.szi 96,367 100,000 1,39
€29,..628 1-2 ' :
31,111 23
1 C2.4. 4 1-2 1 2] 48 100 132,778 73,398 79,379 600 233 2.5 368 3.8 154,368 227,766 270,000 1.49
XS...013 1-2 '
Cclé,, . M1 12
229...03) 0-1
128,M28 -1
K27...933 1-2 |
Mechaaical 42,000 42,000
dredge . P
v . B .
3 €22...02% 1-2 34 AL 100 86,921 38,59 40,328 an 2710 - 2.3 5 mn 3.7 92,908 131,301 134,000 t.51
n28...026 1-2 ‘
827...328 t-2 N
€29...002 0-1
13 C))..‘.JJJ 0-1 28 A8 n 41,944 19,939 21,986 158 269 1.9 370 5.7 - 50,851 ,. 70,810 70,000 1.69
c29...002 1-2 s
€33,933 1-2 . }
Mecheaical 8,000 o - 8,000
dredge . . .
Total 2, mMm

898,854 899,000

i . B SR e

a1 tanranl

; NS o BEIGITRY 5\])9(;
‘ : yawnoop syl Jo A3jjen
900 “gu {1\1(\‘\’.‘2\1: CIAT HAH’RT“«]I';_JQ‘?‘ 1_.” . P qn.J



- o "Le'achat'é. .. - DRI .. A... R - R R 4

Table 7

Control Technologies for CDF Options

Contaninant Pathway Control
Effluent (hydraulic filling) Settling
Chemical clarification
Filtration

Carbon adsorption
Oxidation (UV/hydrogen peroxide)

Runoff : ' : Settling
Chemical clarification
Filtration
Carbon adsorption
Oxidation (UV/hydrogen peroxide)
Surface cover

Filtration

Carbon adsorption

Oxidation (UV/hydrogen peroxide)
Surface cover

Volatilization Ponding
Surface cover

Plant/animal uptake Surface cover

- ‘Liner Vithfleachéte~coll£ction<.\
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Table 8

CDF Options with Additional Control Technologies

Option

CDF
CDF

CDF

CDF

CDF

" 'CPF

CDF

CAD

CAD

CAD

CAD

Al
A2

A3

Bl
B2

B3

Al

A2

A3

B

Option/Control Combinations

CDF option A + chemical clarification + surface cover

CDF option A + chemical clarification + filtration + surface
cover

CDF option A + chemical clarification + filtration + carbon

- adsorption. + surface cover = .. E c .

+

+

CDF option B + chemical clarification + surface cover

CDF option B
cover

CDF option B + chemical clarification + filtration + carbon
adsorption + surface cover

chemical clarification + filtration + surface

CDF optfon T + chemical clarification:+ filtration +-linerf.. . ... .

leachate collection + carbon adsorption + surface cover

CDF option D + chemical clarification + filtration + liner/
leachate collection + carbon adsorption + surface cover

CAD option A + CDF effluent treatment (chemical clarification)
+ CDF surface cover

CAD option A + CDF effluent treatment (chemical clarification
+ filtration) + CDF surface cover .

CAD option A + CDF effluent treatment (chemical clarification
+ filtration + carbon adsorption) + CDF surface cover

CAD option B + CDF effluent treatment (chemical clarification)
+ CDF surface Lover




Table S

Characteristics of Confinad Disposal Facilities

Maximum Maximum
Containment Total
Surface Capacity 2-ft Storage Storage
Capacity Area 4~ft Cap Pond cu yd cu yd
‘ cu yd sq ft cu yd cu yd (Col 1 (Col 1
No. Location (D) (2) (3) (4) + 4 -.3) + 4) _
1~ West'Cove 270,067 900,000 133,333 66,667 ~ 203,400  .336,734 .-
1A VWest Cove 28,318. 130,000 19,259 9,630 18,688 37,948
East Cove 134,654 500,000 74,074 37,037 97,617 171,691
Marsh Island 91,240 400,000 59,259 29,630 61,610 120,870
12 Railroad yard 325,595 800,000 118,519 59,259 266,336 384,854
Table 10
Dredging Sequence and Volumes for CAD Option A
: Dredged Dredging Disposal
Dredged Dredged Yolume Time Disposal Volume
Arez Layer cu yd days Site cu yd
Shoreline - 26,100 32 CDF 3 26,100
A 0-2 ft 2%,583 - 37 CDF 3 46,610
Bl 0-2 ft 15,741 20 CDF 3 27,762
Bl 2-5 ft 20,833 26 CDF 3 26,209
Bl 5-10 ft 39,120 49 CDF 3 44,980
22,B3 0-2 ft 156,852 156 CDF 1/1A 221,958
B2 2-5 ft 72,917 91 CDF i/1A 94,785
B2 5-10 ft 42,130 53 CDF 1/1A . 58,357
cl 0-2 fc 98,981 124 CAD B1/B2 142,761
B3 2-5 ft 116,667 146 CAD B1/B2 146,126
B3 5-10 fr 175,926 220 Temporary CDF 237,976
c2 0-2 ft 70,548 213 CAD B3 272,423
Temporary CDF - 155,556 194 CAD B3 155,556
Temporary CDF - 82,420 103 - Restore C 82,420
Total 1,203,474 1,504 1,584,023
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Table 11

PO

Dredsing Sequence and Volumes for CAD Option B

THIANIII Y

Dredged Dredzing Disposal %
Dredged Dredged Volunfe Time Disgposal Volume !
Ares Lavyer cu yd __days Site cu vd |
Shoreline - 34,500 43 CDF 1/1A 34,500
- B , 0-2 £t 124,583 156 . CDF 1/1A 174,834
Bl e o 2=5fe 127,778 - 160 CDF 1/1A - - 155,201
B2 2-5 f¢ 20,833 26  Temp CDF 31,450
B 5-10 ft 247,685 310 - Temp CDF 311,813
B ' Below 10 ft 214,120 268 Temp CDF 214,120
c 0-2 ft 364,306 455 CAD B 529,621
A e 0<2f€ . 029,583 .. 37 CADB . . 46610 . f
Temporary CDF — 198,148 248 CAD B 198,148 |
Temporary CDF - - 359,236 449 Restore C 359,236
Total 1,720,772 2,152 2,055,533
Table 12 .
Dredging Sequence and Volumes for CAD Option C
=
Dredged Dredging Diaposal ‘
Dredged Dredged Volime Time Disposal Volume
Area Layer cu yd ~ __days _Site cu yd :
Shorelice - 50,400 - 63 CDF 1 50,400 :
3 0-2 ft 172,593 216 CDF 1 243,135 _
B 2-5 ft 203,472 254 Temp CDF 135,043
B 5-10 ft 339,120 v 424 Temp CDF 418,797 c
B Below 10 ft 406,944 509 Temp CDF 406,944 g
C 0-2 ft 316,296 395 CAD B 464,003
A 0-2 ft 29,583 37 CAD B 46,610 c
CDF 1 - 109,242 137 CAD B 170,491
CDF 1 - 243,134 304 CAD B 242,134
Temp CDF — 271,296 339 CAD B 271,296
Temp CDF - 789,488 986 Restore C __ 789,488

Total 2,931,568 3,664 3,238,341




Table 13
Effectiveness Evaiuation Summéry
Short—~ Short-
Short- Term Term Long- Long-Term
Term Copper Effec- Long-Term Term Effec-
Design PCB Loss Loss tiveness PCB Loss Cu Loss tiveness
~ Option kg kg Rating kg kg Rating*
CDF Al 933 693  Moderate 190 6 Low
CDF A2 901 581  Moderate 190 6 Low
CDF A3 657 570 High 190 6 Low
CDF Bl 991 736 Moderate 199 6 Low
CDF B2 957 617  Moderate 199 6 Low
. CDF B3 698 605 High 199 6 Low
“eorc T 778 U676 migh 105 “ 67 "Médefaten
CDF D 859 747 High 2 6 Righ
CAD Al 1,424 1,543 Low 159 5 Moderate
CAD A2 1.410 1,490 Low 159 5 Moderate
CAD A3 1,294 1,485 Low 159 5 Moderate
CAD B 1,746 2,005 Low 160 4 Moderate

* Short— and long-term contaminant releases (from Appendix D) were consid-

ered in assigning the longz-term effectiveness rating.
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Table 14
Cost Summary

nallfry bag

Design
Cption
CDF Al

'CDF A2 -
‘CDF A3~

CDF Bl
CDF B2
CDF B3
CDF C

- ~GDF-D-

CAD Al
CAD A2
CAD A3
CAD B

Capital
Cost

($000)

27,779

. 30,336
- 33,211

28,150
30,706
33,582
36,294

33,296
35,852
38,728
34,846

Present Worth
of O&M Cost¥*
($000)

2,524
- 3,022
4,184
2,524
3,022
4,184
5,049
e W ByBTT .

2,809
3,149
3,942
2,528

Total Present
Worth Cost
($000)

30,303
33,358
137,395
30,674
33,728
37,766
41,343

64,981 . ... .

36,105
39,001
42,670
37,374

* Precent worth calculated using S5-percent discount rate and 30-year project.
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Table 15

Evaluation of Altermatives Summarv

Short-Term Long~Term Mobilicy Implemen-—~ Present i
Design Effectiveness Effectiveness Reduction  tability Worth Cost
Option Rating Rating Rating Rating ($000)
CDF Al Moderate Low Moderate High 30,303
CDF A2 Moderate » . Low . Moderate High 33,358 t
CDF A3 - - - - High. R Low .. - . Moderate .  High ) - .37,395
CDF Bl Moderate Low Moderate -High : 30,674
CDF B2 Moderate Low Moderate High 33,728
CDF B3 High Low Moderate High 37,766
CDF C High Moderate Moderate High 41,343
“GDF-D - -~ .+~ High . . -._High... }'_I_pd,e,_fat._? v Low o 'sa..,.981__,_
CAD Al Low Moderate Moderate Moderate 36,105
CAD A2 Low Moderate Moderate Moderate 39,001
CAD A3 Low Moderate Moderate Moderate 42,670
CAD B Low Moderate Moderate Moderate 37,374
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Figure 1. MNew Bedford Superfund site, New Bedford, MA (USEPA 1987)
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Figure 2.
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Phased remedial investigation/feasibility study process
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APPROXIMATE LIMITS OF .
TEMPORARY CONTAINMENT SITE

STEP 2
TO NE
w BEDFQRD

APPROXIMATE LIMITS OF .
PERMAMENT CONTAINMENT SITE-

STEP 1 - INSTALL SEDIMENT DISPERSAL CONTROL.
STEP 2 - CONSTRUCT TEMPORARY CONTAINMENT SITE.

STEP 3 - DREDGE BENEATH EMBANKMENT. HOLD IN
TEMPORARY CONTAINMENT SITE,

STEP 4 - CONSTRUCT PEAMANENT CONTAINMENT SITE.
STEP 5 - DREDGE-DISPOSE IN PERMANENT CONTAINMENT SITE.

STEP 6 - TRANSPORT SEDIMENTS FROM TEMPORARY CONTAINMENT
SITE TO PERMANENY CONTAINMENT SITE.

STEP 7 - TREAT WATER.
STEP 8 - CAP CONTAINMENT SITE.

STEP 4, STEP 8

Figure 3. Concept for confined disposal alternative (P{US Corporation 1984a)

Wanmt Buiaa



'CELL NO. 5 =T
CELL NO. 4 |
TO NEW |
«JEDF ORD CELL NO.3 x
f ! o
_\‘_J;’— e &
‘\§7§é;J I A N
- e No. 2 /)
e‘*‘ ~ 'ACUSHNET RIVER | 'CELL NO. 1
NOTE: CAPACITY OF EACH CELL IS
APPROXIMATELY 200,000 CU. YD.

Figure 4. Concept for CAD alternative (NUS Corpqracion:1984b).-’ :
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NONREMOVAL
O CAPPING

O HYDRAULIC

CONTROLS

O EARTHEN
EMBANKMENTS

O SHEETPILE
QO SOLIDIFICATION

O BIODEGRADATION

Figure 5.

REMOVAL

©® MECHANICAL

DREDGES
® CLAMSHELL

® WATERTIGHT
CLAMSHELL

@ HYDRAULIC

DREDGES
® CUTTERHEAD

® PLAIN SUCTION
© MATCHBOX GUCTION
® HOPPER

® SPECIAL: PURPOSE
DREDGES
® CLEAN.UP
® REFRESHER
® AIRLIFT
® PNEUMA
® OOZER
® MUDCAT

@ EXCAVATION
® DRAGLINE
® CLAMSHELL

® WATEATIGHT
% CLAMSHELL

TREATMENT

(SEDIMENT) DISPOSAL
O;fHE.RMAL' ® IN-HARBOR
INCINERATION
© SUPERCRITICAL © SHORELINE
WATER OXIDATION ® UPLAND
O PHYSICAL
0 SOLVENT O OFFSITE
EXTRACTION O OCEAN

© SUPERCRITICAL
FLYID EXTRACTION

O SOLIDIFICATION
O VITRIFICATION

O CHEMICAL

0 ALKALI METAL
DECHLORINATION -

0 BIO'DEGRADATlON

(WATER)
@) DEWATERING

® TREATMENT
® FLOCCULATION

® SEDIMENTATION

® FILTRATION .

® CARBON ADSORPTION

° uvmvonocau PEROXIDE

Feasibility study technologies for detailed evaluation (E. C. Joi‘dan Company 1987)

(darkened circles indicate the technologies evaluated in the:USACE Engineering
Feasibility Study) y
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INFLUEN PONDING DEPTH

{— FREEBOARD

AREA FOR SEDIMENTATIO

1+ —WEIR

b

\ EFFLUENT
COARSE-GRAINED /.  /AREA FOR FINE-GRAINED
DREDGED MATERIAL/ DREDGED MATERIAL STORAGE
CROSS SECTION -

Figure 6. Components of a confined diéposal facility -




VOLATILIZATION
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Figure 7. Cortaminant migration pathways for an upland CDF



VOLATILIZATION

PRECIPITATION | WEIR |
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Figure 8. Contaminant migration pathways for a nearshore CDF
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UPLAND

. ' WATER
‘\\ HIGH TIDE_ SURFACE
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f — EXISTING
\:\ CAP (3-4 FT) | BOTTOM
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Figure 9. Contaminant migration pathwéys for CAD
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Depth in Feet

1! Predominantly Organic Slits

and Clays (OH and OL) with
Siity Sands (SM)
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Silty Sands {SM)

Figure 11. Averaga physical characteristics of estuary sediment
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Figure 12. Sediment PCB concentrations, mg/kg, O to 1 ft
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2 553% 530+ }
3 938 553+ i
4 905%  S553% 424% 477
s 8234% 282 44D S50 440
6 2843 22 384% 607 7
7 52866 246 230% 226% - 3 - - R ,
8 2884 2899 260 174% 16 - 500 s
9 1300% 146 1227 2377+ 180% 278+
10 422 1750 7375 125 318 214+
11 2995 32750 574 1439*
12 42 3157 1126 173 66
13 l461% 80 1032 1475 139 1900
14 1937% 1004 867% 717% 769% 161 - -
15 745% S57« 882 58
16 588+ 240 339% 216% 2
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18 312 586 157 200 6
19 306% 509 657  445* 1
20 13 109 809 4 60 49 -
21 331% 448 425% 325% 38 ‘
22 S11% 754 428  293% 262+
23 © 332 441 386% 306 67 t
26 21 289  246% 181% |
25 4% 36 109 10 67 205  160* 146% 115 2 =
26 ab* 28 26 89 49 125 130% 92% 42 0
27 44k 26% 27 70 75% 60 104* 79% 28% 26 52 <
23 26%  48% 48% 49% 75 S4 177  6€7% 17  31*x 27%
29 48% 26 27 6% 8 50% 25+ I1* g
30 40*  ST% 25%  19%  41* 45% 9% 21+ c
3 30 27% 22 23% 29% 52% 9%
32 31+ 18 31x 36 3
33 x 2 83 26%  36%
Figure 14. Estimated sediment PCB concentrations, mg/kg, 0 to 1 ft (asterisk
denotes the cell value was estimsted from adjacent cells)




>

W om N s W

I N B R N N O
W OO oagaoensiboab

o
<L

25
26
27
28
29
30
31
32
33

Figure 15.

10*
10+
10*
10*

Estimated sediment PCB concentrations, mg/kg, 1 to 2 ft (asterisk
denotes the cell value was estimated from adjacent cells)

10*
10+
10*

7*

2
10%
27

8*

251

10
10*

g*
S
2%

18437

G H I
95%
0
73%
3766%
5
31 137#
19 4
66 791
1 936 28
0, . k. . 1
313% 164% 6% S*
st 3% , 16
532% 240 339
1 376 299
1440 1201 2
306 745 2
13 1126 14
316% 2 335
230% 161* 198
' 2 461
55 2
67% 84*x 84
12¢ 11% 0
7% 1%
2 2%
2 1*
2+ 1% 1%
* 1x 0
;* 1* 1*
11 1

J
95%
5%
95%*

282

7

624
101
3
206
173
-9
6%
4%
216

200

31l6*
230*
214%
116>

84%

S

180*

22

246
260

243%

125

133%
66

167%

S&*
38
le4%
214
160*
111

o*
O*
1*

224%
550
384
230
176"
180
243

o*
o*
O*x
o*
Nx

607

226 -

278

214

o O © O o°o

el

i

—‘ﬁnﬂmuﬁélﬁﬁj'

e




C-2 - AN (V. Y S B WY

W W W W MDD NRNRANDNRND NN N N = e "~

24

Figure 16.

21

16
15

91
26
25
23

]

51 -

22

79
71
37
18
12

21
‘76
807
447
259
496

9L

68

74
-11

29

45
94
85
37
68
25

- 21

86
736
2910

. 998

839
752
324
306
478
370
i16
433
664
228
11
174
136
75
61
28
28
56
38
5

87
349
700
357

1509 . .

- 48736

139
90
1414
27343
986
1074
1165
1192
458
405
114
479
589
310
343
388
255
‘141
114
99
181
68

20

47
66
173

2203
1097
5960
1254

363

286 -

1347
70
442
123
185
1093

800
721
340
217
127
260
108

92

11

56
48
76
54

263
333

17
. 186.

232
2125
110
880
23

457

63
93
658
453
247
248
92
56
40
69
62
61
2
25

52
567

417
192

87

151

267

20
66
sS4
19
87

M

613.

-89

12
38

90
29
28

22

Estimated PCB mass, kg, by grid cell, 0 to 1 ft

paw)yy bursa

B M amewm o m

AW Ao A




- - v X ISR W W - .y
Being Yiimed: _ ihdl

e e 4 — . Sel R

o ~
4
@ o~ © o o o ©
- oo ~ ™ Lo
24 L] hef
o
T~ NTeNTS A . ©C ©o © ©o o
N O Moy N O o
) Vi3 e ~ N o
—
N N NTO NN O O M~ e 0 WO O O O 0 O N O
~ @O M e~ W N I N O ol e~ 3 -
x — Tt NN 2 M NN n
. Q
60073A7l412‘1300&20Q697583392221222 v
—~ O NN NS O (s R — < @0 - IS WO 0 O~ o o
- ~ ™ o 3 [C S < — ~ N A ot
2 ‘ : .m
O O ¢ wn 3/431141‘7281411014982681211122
o ~ o ©0 0 o~ L, N N O - 3 N o ~ >
— 0 3 3 N = o0 £
; -
T O R0 T IO N NN N O AN NN oMo~ &0
—~ o N O @ 3 o < A~ e 2
o [=- 2 M NN -
. — .
. (]
~ W N M g O VO3 O N A M MM N NN~ - O M
~ ™ Ta) DY} ~ N €
[¢] .o o~ -
KN m
[&]
N o~ T 0NN W N~ Y
o] o
@
I
MR g
5] Lol
Fe)
(]
© Ao ol
(=] 3 R
: ~
i
~ O ©
.
© o]
. bal
' B
m .
2345678901234567890123&.567890123
< 1111111111.22222222223333



st

e ;g-.«_‘.
$ udr.r,

3

-

e s
E D ¥ ()_}R_‘D

-

<
-

R
.

m! SIE 1 |-
"ﬂ":c‘_t' : oo —‘

§ -—

o w—— - - B

*

. ‘ - .
‘ o N, T

e ,/»' Yol .
. kW, BRvRORN 5.
Tigure !&. locations of potential CDF sites

s e

g e

—— e e i o



—_ N
O O

ELEVATION IN. FEET( miw)
O

(6]
1

o

be

(6]

ELEVATION
IN FEET(mlw)

x O
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Y mhw

DREDGED ", | 4
MATERIAL, -
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a. Typical in-water dike - unlined

| 10" |
TOP EL. + 19
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M. mhw
HYDRAULICALLY PLACED FILL <
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b. Typical in-water dike - liﬁéd
Figure 19, Site preparation requirements for installatiodn’ of lined in—water dikes for

gsites l, 1A, 1B, and 3
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APPENDIX B: ENGINEERING CHARACTERIZATION OF SEDIMENTS
" FOR PURPOSES OF DREDGING AND DISPOSAL

Introduction

Background .
1. Cleanup dredging alternatives evaluated by the Engineering Feasibil-

ity Study (EFS) for the New Bedford Superfund Site (Upper Estuary) will
require removal of approximately 600,000 cu yd* of highly contaminated mate-
rial, An engineering characterization of the material to be dredged is needed
for proper evaluation of dredging equipment and techniques, disposal alterna-
ti§es. and contaminant control measures. In addition, for both disposal
alternatives under consideration, an additional volume of underlying clean
sediment will be dredged for use as a cap to isolate the contaminated material
following disposal. Therefore, an enginéering characterization of the under-
lying clean sediment is also required.

Purpose «.id scope

2. The purpose of this paper is to present an engineering characteriza-~
tion of sediments to be dredged for the New Bedford Harbor Superfund Site.
This paper includes a description of field sampling, laboratory testing, gnd
engineering sediment characterization and a discussion of considerations
relating to dredging and disposal.

Grid cell system and
sacpling and dredging depths
3. A grid cell gystem (Figure Bl) has been developed for the Upper

Estuary for purposes sf reference and control. This grid cell system was used
in'referencing sample locationsg, teat results, etc. The grid cell will also
provide a convenient means of controlling the dredging and disposal operation,
For this reason, the grid cells were considered a logical means of grouping
and averaging sediment properties within the Upper Estuary. The results of
various tests for purposes of sediment characterizacion are presented as the
average value for all samples tested within the fespective grid at the respec~

tive sediment depth interval.

* A table of factors for converting non-SI units of measurement to SI
(metric) units 13 presented on page 5 of the main text.
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patuly butaq




4. Available dredging equipment and techniques will allow controlled
removal of layers of sediment approximately 1 ft thick. Most of the contami-
nants in the Upper Estuary are confined to the upper 1 ft; however, residual
contamination due to mixing and resuspension 1s expected after one dredging
pass. For this reason, a second l-ft pass 1s anticipated. The upper 2 ft of
surficial sediment will be disposed of as contaminated. Underlying clean
gediment will be dredged for cap. The dredging depth required for this pur;
pose ié assumed not to exceed 10 ft. Sediment characterizations for the upper

2 ft and the underlying sediments are described séparately in this engineering
characterization,

5. The dat# in this sediment characterization are grouped and averaged
by depth interval for each grid. Sampling has been conducted as a part of the
overall EFS on several occasions, and sample types (i.e., push tubes, cores,
etc,) and locations varied. Generally, continuous depth samples were not
taken; therefore, intervals sampled must be assumed to be representative of a
larger depth interval. Also, the sediment depth intervals sampled and/or
tested are not consistent for all sample types, All sample types included
data for either the 0O~ to l-, l- to 2-, or 0- to 2-ft depth intervals,
repregsentative of the contaminated sediments to be dredged. Data for the 2-
to 4-ft depth interval sampled are assumed representative of the 2~ to 5-ft
depth., A majority of data for depths below 5 ft 1is available at intervals of
5 to 7 ft and 10 to 12 [t or ueeper, Data for the 5- t> 7-ft interval sampled
are considered representative of the 5~ to 10-ft depth. Data for the 10- to
12-ft interval sampled are considered reptesentati;e of any material that

would be dredged from depths exceeding 10 ft. A few samples were obtained

from the 4~ to 6-ft interval. For purposes of this sediment characterization,

these samples are considered representative of the S- to 10-ft depth.

In situ volume to be dredged
6. Prior estimates of the in situ volume of contaminated sediments to

be dredged were as high as 1 million cubic yards. These eztimates were based
on an assumption of 3 ft of surficial sediment to be removed. A refined esti-

mate of the in situ volume to be dredged as contaminated was made based on the

sampling conducted as a part of the EFS. Recent sampling has indicated that,

with the possible exception of the "hot spot" located adjacent to the Aerovox
outfall, PCE contamination is generally‘limited to the upper 2 ft of sediment.
This EFS will consider vemoval of 2 ft of sediment, although future ’

B2




determination of action levels may increase or decrease the depth and area to
be dredged and disposed of as contaminated material. »

7. A revised estimate of in situ volume was based on removal of the
upper 2 ft within an assumed dredging boundary defined by the shoreline shown
by the New England Division (NED) survey of 13 August 1985. No dredging of
the wetland area was assumed in this estimate. The grid cell system as super-
imposed on this survey was used to define a set of area factors for the grids
falling within the shoreline boundaries. Grids lying entirely within the
dredging boundaries were given area factors of 1.0, Grids lying partially
within the boundaries were assigned area factors based on the porcion.of the
grid surface area lying within the dredging boundary. All area factors were
defined to the nearest tenth. A matrix showing area factors for all full and
partial grid cells falling within the dredging boundaries is shown ag Fig-
ure B2, These area factors should be used in all subsequent calculations
(volumes, etc.).

8. A total of 176 full or partial grid cells lie within the dredging
boundaries. The average area factor for these cells is 0.77. For cell
dimensions of 250 by 250 ft, the total surface area to be dredged is approxi-
mately 196 acres. Assuming the upper 2 ft 1is removed, the volume of in situ

sediments to be treated as contaminated is approximately 632,000 cu yd.

Tiald Investigations

Prior ssmpling .
9. A large number of surficial samples have been taken for the Upper

Estuary sediments in various studies conducted prior to the EFS. These sam-
ples were taken mainly to determing contaminant concen;rations, and little
physical information was developed. For this reason, sampling and testing
conducted prior to the EFS were not considered in this sediment
characterization,
Push tube sampling

10, The NED conducted push tube sampling in the Upper_Estuary from July
to October 1985. The purpose of the sampling ﬁas to provide accurate spatial

data on sediment characteristics, both physical and chemical. Detailed
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discussions 6f the sampling and handling procedures are described by Condike
(1986) .*

11. The push tube samples were taken in 2-7/8-in. acrylic tubes using a
coring device with a flap/stopper arrangement to provide suction for better
sampling recovery. The tubes were pushed by hand and by a steel plate slam-
hammer. A total of 168 push tubes were taken, generally one from each grid
cell in the Upper Estuary. Average length of the cores was 53 in. Laboratory
testing was subsequently done on portions of 31 of these tubes. Locations of
these 31 tubes as designated by grid cell are indicated in Figure B3,

Split spoon sampling
12, During October and November 1986, a geotechnical investigation was

conducted within the Upper Estuary by an NED contractor. The purpose of the
investigation was to determine physical properties of the subsurface materials
with depth for use in the design of disposal alternatives. Detailed discus-
sions of the sampling and handling procedures are found in Woodward-Clyde
Consultants (1987).

13, a total of 52 borings, probes, or tube samples were taken within
the estuary or adjacent land areas in two phgsea. The first phase was
intended to provide information throughout the Upper Estuary, while the second
was intended to provide more detailed information in the pilot study area.
Only those borings designated as being taken on water by Woodward-Clyde Con-
sultants (1987) were considared {n this evaluation. Locations of those
borings are indicated by grid cell as shown in Figure B4. Borings for
Chase I, designated by BW in Figure B4, were advanced to a depth of 20 to
40 ft using conventional methods. Samples were generally taken at 5-ft
intervals with a 1-3/8-in.~d{am. split spoon. Borings for Phase II, desig-
nated PD in Figure B4, were taken using the same procedure for locations PD-1,
2, 6, 7, 10-12, 14, and 17. Additionally for Phase II, Van Veen grab samples
of the upper 6 in., of material and 3-in.~diam tube samples taken with a
gravity corer to a depth of 5 ft were obtained at these and other locations
within the Pilot Study cove.

Hot spot sampling .
14, Additional push tube sampling was later conducted by NED in an area

designated as the hot spot area. A total of 47 push tubes were taken in the

* See References at the end of the main text.
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same manner as those previously taken throughout the Upper Estuary. The grids

in which the tubes were taken are indicated in Figure BS.

Pilot Study sampling
15. Core borings were taken by NED within and adjacent to the areas

degsignated as dredging areas and disposal areas for the Pilot Study. Nineteen
core borings were taken. In addition, 12 sediment cores were taken within the
Pilot Study dredging areas to the anticipated depth of dredging. Dredging
areas (DA) I and II in Figure BS were considered to correspond to grid cells

E25 and F26, respectively, for purpcses of this sediment characterization,

Laboratory Testing

Push tube samples
16. A total of 39 of the NED push tubes were randomly selected for

analysis and opened; visual classifications were determined. Based on the
visual classifications, samples representative of 31 segments of the tubes
were anclized for physical and engineering properties. A total of 19 of the
push tube samples were composited from within the 0~ to 2-ft segment of the
tube, and these samples are considered representative of the material to be
dredged and disposed of as contaminated. A total of 12 segments were com-
posited from within the 2~ to 4-ft segment or from within the 0- to 4-ft
gegment, and thesz samples are considered representative of the cleaner
underlying sediments. The remainder of the tubes were archived for additional
analyses as required.

17. Tests on push tube samples included percent moisture (converted to
engineering water confant, the ratio of weight of water to weight of solids),
Atterberg limits, grain size, and perticle specific grévi:y. Samples were
then classified using the Unified Soil Classification System (USCS).

Split spoon samples
18. Laboratory test results of Van Veen and push tube samples taken

during the geotechnical investigation were not ccnsidered in this sediment
characterization. Borings taken on land were also not considered.

19, All samples obtained from the split spoon borings were visually
classified, and grain size distribution was determined. Based on these
results, selected sémples were analyzed for Atterberg limits, specific

eravity, and natural water content. Samples obtained at the 0- to 2-ft depth
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interval were considered to be representative of the material to be dredged
and disposed as contaminated. Samples obtained at deeper intervals were con-
sidered representative of the cleaner underlying sediments to be used as cap
material. It was assumed that material at a depth below 10 ft would not be
dredged. Therefore, samples from below the 10~ to I2-ft depth interval were
not considered in this sediment characterization. However, these data are-
necessary for purpose~ of dike design, etc.

Hot spot samples
20. Samples from the hot spot cores were paired by sediment depth of

0 to 12 in. and 12 to 24 in. Physical tests consisting of water content
determination and grain size distribution were conducted on samples from

15 cores. No USCS classificatiops were determined. These samples were con-
sidered representative of the material to be dredged as contaminated.

Pilot stqéy samples
21, Samples from 7 of the 19 core borings taken from the Pilot Study

area were analyzed for grain size distribution. These samples were taken at
the 0- to 1-, 1~ to 2-, and 2- to 4-ft depths. Samples from the 12 sediment
cores taken within the dredging areas were analyzed for grain size distribu-

tion and water content, These samples were taken at the 0- to 2-, 2~ to 4-,

and 4~ to 6-ft depths. No USCS classifications were determined for these core

samples,

Summary

22, In summary, data from samples of the upper 2 ft of contaminated
material are available from both the push tubes and split spoon samples and
from the hot spot and Pilot Study sampling, Data from the 2~ to 4;ft layer,
considered clean material, are available only from the push tube samples and
Pilot Study cores. Data from deeper layers, generally the 5- to 7-ft and 10-

to 12-ft layers, are available only from the split spoon samples.

Test Results

USCS classification
23. Visual classifications and classifications using results of the

grain size distribution and plasticity tests as described below were deter-

mined using the USCS.
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24. The USCS classifications of samples from the 0- to 2-ft layer, con-
sidered contaminated, are shown in Figure B6. These include classifications
from both the push tubes and split spoon samples. Of 36 samples analyzed,

21 were classified as organic silts or clays (OH or OL). These samples were
located primarily along the west bank and cove areas of the Upper Estuary and
within the Pilot Study cove. The remaining 15 samples were classified as
silty sands or silts (SM or ML). These samples were located primarily along
the east bank and cove areas of the estuary, '

25. The USCS classifications of samples from the 2- to 4-ft layer, con-
sidered the clean layer, are shown in Figure B7. Of 15 samples analyzed,

13 were classified as organic silts or clays (OH or OL). Only two samples
were classified as silty sands (SM) in the 2- to 4-ft layer. Note that by
comparing Figures B6 and B7, the sample locations classified as SM in the

0- to 2-ft layer were generally not tested in the 2- to 4-ft layer., This dis-
tribution of samples analyzed causes all data for the 2~ to 4~ft layer to
indicate finer material, when in fact, the material for 2 to 4 ft {s essen-
tially the same for the fine-grained sample locatioms.

26. The USCS classifications of samples from the 5- to 7-ft layer are
shown in Figure B8. Of 18 samples analyzed, only seven were classified as
organic silts (OH). The remaining 11 samples were classified as silty sands
or sands (SM or SP).

27. Classifications fsr t+a2 10~ to 12-ft layer are =hown in Figure B9,
Of 12 samples anaiyzed, 11 were classified as SM or SP, with only one sample

clacsified as OH, These data indicate that more sandy material is predominant

ait sediment depths exceeding 5 ft.

Crain size distributiocn
and percent coarse-grained

28. Grain size distribution. Grain size distributions were determined

on the samples using standard sieve and hydrometer analyses. The range of
grain size distributions for the push tube samples from the 0- to 2-ft depth
layer (contaminated sediment) was similar to that for the split spoon samples.
All the curves have been combined into one plot, shown as Figure B10. This

range incorporates curves from 75 samples.

29, In a similar manner, the ranges of grain size distributions for the
2~ to 4-ft layer have been combined into one plot, shown as Figure Bll. This

range incorporates curves from 26 samples. Comparison of Figures Bl0 and Bll
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indicates that ranges of grain size distributions for the contaminated and
underlying clean sediment down to a depth of 5 ft are similar.

30. The ranges for samples from the 5- to 7-ft and 10~ to 12-ft layers
are combined in Figure Bl2. This range incorporates curves from 18 samples.
Comparison of Figures Bl0 and Bll with Figure Bl2 indicates that the samples
from depth below 5 ft are coarser than the surficial sediments.

31. Percent coarse-grained. The percentage of coarse-grained particles

is an important parameter in evaluation of sediment resuspension and settling
behavior and the volumetric changes occurring following dredging and disposal.
Coarse-grained is defined as that particle fraction coarser than fine sand as
defined by the USCS (retained on a No. 200 sieve or 0.074 mm).

32. Percentages of sand are shown for individual grid cells for the
contaminated sediment (0- to 2-ft layer) in Figure Bl13. These data show that
the average percent sand for the samples analyzed 1s approximately 43 percent.
Even though the majority of the samples in this layer were classified as
organic silt or clay, the material contains a significant fraction of sand.
Since sampla: were not analyzed for each grid cell, and dredging and disposal
evaluations are to be done by cell, values of percent sand have been assigned
to all cells., The values were assigned as equal to the closest sample value
or by interpclation between samples. These values are tabulated in
Figure Bl4.

33. In a simiiar manner, values of percent sand are shown for the 2- to
4-tt layer in Figure Bl5. These d#ta show that the average percent sand for
the sazples analyzed is approximately 27 percent. This lower value in com=
pariszon with the 0- to 2-ft layer may be indicative of the fact that few sam-
ples taken alcag the east bank of the estuary. generally ccarser, were
analyzed for the 2- to 4-ft depth. Values were similarly azsigned to nonsam-
ple cells for the 2- to 4~-ft layer and are shown in Figure Bl6.

34, Values for percent sand for samples at the 5- to 7-ft depth inter-
val are shown in Figure Bl7. These data show that the average percent sand at
this depth interval is approximately 56 percent. Values were similarly '
assigned to nonsample cells for the 5~ to 7-ft layer and are shown in
Figure BI18. ' '

35. The values of percent sand for the 10- to l2-ft layer are shown in
Figure B19. The averége value is approximately 73 percent. Since this mate-

rial is predominantly a sand, for purposes of disposal it could be assumed
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that the same volume occupied in the channel would be occupied in a disposal

site, either for -the CAD or CDF altevnatives, Therefore, assigned values for

nonsampled cells are not necessary.

Plasticity
36. Liquid limits and plastic limits were determined for push tube and

split spoon samples using standard soils testing procedures. Plasticity
indexes were then computed. Results for the various layers are plotted on the
plasticity chart shown in Figure B20. Results for the 0- to 2-ft and 2- to
4-ft layers show a wide but similar range of plasticity. All results fall
along the "A" line. The average liquid limits for the 0- to 2-ft layer and

2- to 4-ft layer are 105 and 117, respectively. The few fine-grained samples
analyzed in the 5~ to 7-ft layer are of relatively lower plasticity, with an
average liquid limit of 68.

Water content
37. The in situ water content of fine-grained sediment samples is also

an important parameter in evaluating settling behavior and the volumetric
changes ozcurring following dredging and disposal. It should be noted that
the water content as used here i1s the term normally used in geotechnical engi-
neering, defined as the ratio of weight of water to weight of solids expressed
as a percent, Water contents so defined can exceed 100 percent,

38, Values of the in situ water content are shown tabulated for
individual grid ceils for the contaminated sediment (0~ to 2~ft layer) in Fig-
ure B21., It should be noted that values for the push tube samples were con-
verted to water content using values of percent moisture reported by Condike

{1986) .- These data show that the average water content for the samples

analyzed iz approximatcly 111 percent, Values assigned to nonsample cells are

tabulated in Figure B22,
39. In a similar manner, values of water content are shown for the

2- to 4~ft layer in Figure B23. These data show that the average water con-
tent for the samples analyzed is approximately 128 percent. This higher value
~in comparison with the 0- to 2-ft layer‘may be indicative of the fact that few
samples taken along the east bank of the estuary, generally coarser, were
analyzed for the 2- to a-ft‘depth. Values were similarly assigned to nonsam-
ple cells for the 2~ to 4-ft layer and are shown in Figure BZA._
40. Values for water content for samples at the 5- to 7-ft depth

interval are shown in Figure B25. Many of the samples for thls interval were
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sand, and no water conteunt was determined. Values of water content were
determined for some sand samples and ranged from 21 to 24 percent, However,
these data would not be indicative of the behavior of the fine-grained frac-
tion of material for purposes of disposal evaluation for sizing, etc. The

average value of the remaining three samples, 109 percent, is considered

representative for this purpose.
41, No values for water content are given for samples from the 10- to

12-ft interval since this material is predominantly sand.

Sediment Characterization

Comparisons of sediment layers
42, Based on the field investigations and laboratory testing described

above, the sediments to be dredged are a mixture of organic silts and clays
with sand, sandy silts, and silty sands. A generalized sediment profile and a
summary of the most pertinent physical and engineering properties are
present<! in Figure B26,

43, Comparison of the data for the 0~ to 2-ft depth layer, representa-
tive of the contaminated sediments, and the 2- to 5-ft depth layer, represen-
tative of the upper portion of the underlying clean sediments, indicates that
the sediments to be dredged are similar from a physical standpoint. At depths
below 5 ft, the s=diments arc generally coarser, with sand predominant at

depths exceeding 10 ft., These delineations are shown in Figure B26.
44, Grain size data indicate that the contaminant sediments have an

average percent sand of 43 percent, a significant fraction even though ;he
USCS clas=ification *s fine-grained. Underlying clean sediments at the 2- to
S—ft‘depth have an average percen: sand of 27 percent, though this lower value
is likely an artifact of the distribution of samples analyzed. This distribu-
tion of grain sizes is similar for both sediment types. Percent sand for sed-
iments at the 5~ to 10-ft and below 10-ft layers increases to 53 and

74 percent, respectively.

45. Plasticity data indicate that the fine-grained fractions of the

contaminated and underlying clean sediments at 2 to 5 ft are similar. Average
values of the liquid limit are 105 and 117 for the contaminated and clean sed-

iments, respectively.
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46. The in situ water content of the contaminated gsediments is similar

to the underlying clean sediménts &t the 2~ to 5-ft depth. Average values of
in situ water conﬁent are 111 and 128 percent for the contaminated and clean
sediments, respectively. The in situ water content is generally slightly
above the liquid limit for the fine~grained samples.

Comparison with WES composite

47. A comparison of the characteristics of the WES composite sample
used for environmental and related engineering tests and the corresponding

-average test values. of all samples from the upper 2 ft i1s as follows:

Average of Samples WES

(0= to 2-ft layer) Composite
Percent sand . 43 32
Water content 111 195
Liquid limit 105 129

28  The grain size distribution of the composite is shown superimposed
within the range of distributions from the upper 2 ft in Figure Bl0. The
Atterberg limits for the composite sample are also plotted on the plasticity
chart in Figure B20. These comparisons show that the composite sample is
slightly finer grained and of slightly higﬁer plasticity than the average
values of the uppar 2 ft of cediment. Tests for settling and consolidation
behavior using the WES composite sample would therefore give conservative
results, 1.,e., slower settling or congsolidation rates than would be exhibited
by a sample with the average characteristics,

Consideratlons for |
dredging and disposal

49. Dredging. The engineering characterization of the sediments to be

~dredged indicates that, from the standpoint of dredgeability, no problems
should be encountered in removing the contaminated sediment§ with a hydraulic
pipeline dredge (MUDCAT, cutterhead, or matchbox). If CAD is chosen.as a dis-
posal alternative, and if CAD design requires removal of underlying clean sed-
iments below a depth of 5 ft, some difficulty may be encountered using a
ﬁatchbox dredgé for this material. This would be due to the high percentage

of sand.. The matchbox has no agitation or cutting action, and has been

designed to operate in primarily fine-grained sediments.
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50. One factor not sufficiently defined by the engineering characteri~
zation is the potential presence of debris. The sampling and testing con-
ducted to date indicate that no significant debris is present in the sediment
mass, but debris has been visually identified, especially along the shoreline.
The NED 1s presently evaluating this in more detail.

51. CDF disposal. The engineering characterization of the sediments to

be dredged indicates that no problems should be encountered with pipeline
transport and disposal in a CDF. Since only a relatively small volumé of
underlying clean sediments would be dredged with a CDF alternative, all the
sediments to be dredged would be similar from a physical and engineering
standpoint for the CDF alternative. The fraction of coarse-grained material
present, 27 to 43 percent, will cause buildup of material at the pipeline
influent location. Frequent movement of the'pipeline should be anticipated.
For placement of the surface cap, maintenance of a ponded condition and move-
ment of the influent using a floating pipeline and splashplate should be
considered. Due to the significant portion of sand present in the sediments,
the changes in volume following dredging and placement in a CDF should be
small in comparison with projects that involve predominantly fine-grained,
claylike material. Previous rough estimates of a bulking factor of 2.0 are
likely too high. Sizing of disposal areas for storage volume should be based
on methods described in Engineer Manual 1110-2-5027 (USACE 1987).

52, CAD disposal.' T™:¢ zagineering characterization of the sediments to

be dredged indicéces that resuspension and transport of material during CAD
placement operations should be limited to the immediate vicinity of the opera-
tion. The significant fraction of coarse-grained material in the contaminated
gsediments should indicate relatively quick settling within the CAD cells
following discharge from the submerged diffuser. It will likely be necessary
to frequently move the discharge point for placement of material within the
CAD cells to avoid moundinglof the coarse-grained fraction. Since a larger
volume of underlying clean sediments will be dredged for CAD as compared with
a CDF alternative, the sediments will likely be removed from depths exceeding
5 ft from at least a portion of the project. 'Thié would mean that the cap for
the CAD cells may be primarily a sand material for one or more cells.

53. Sizing for storagé for the CAD alternative involves processes
similar to those for a CDF. The same considerations as described above with

regard to CDF sizing alsc apply to the CAD alternative.
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APPENDIX C: COST ESTIMATES FOR DREDGING AND DISPOSAL ALTERNATIVES

Introduction

1. This appendix contains cost estimates for the dredging and dredged
material disposal aiternatives and design optiona discussed in this report.
These estimates include costs associated with the design of various components
of each alternative, preparation of plans and specifications, administration
of the construction contract, inspection of construction activities, and
operation and maintenance. The appendix is divided into three sections:
dredging and disposal alternatives, confined diaposal facilities, and dredging

cost estimates.
2. This format will allow for a more detailed discuasion of the com-

ponents of each alternative.

Dredging and Disposal Alternatives

3. Cost estimates were developed for six of the seven alternatives
described in the report. Four of these alternatives involve disposal of the
contaminated sediments in confined disposal facilities (CDF) only. The other
two alternatives involve disposal of contaminated sediment in both CDFs and

contained aquatic disposal (CAD) cells.

Qgtion A

4. Thia option involves constructing unlined CDFs at site 1, 1B, 3, and
12. The construction sequence is shown in Figure Cl. It is estimated that
approximately 5.75 years would be required to complete this effort. The total
first cost is estimated at $27,683,500; a breakdown of this cost is given in
Table Cl.

Option B

5. This option also involves constructing unlined CDFs at sites 1, 1B,
3, and 12. It differs from option A in that contaminated dredged material
would be removed from site 1B prior to the construction of a CDF at that loca-
tion. It is estimated that approximately 6.75 years would be required to
complete this effort at an estimated first cost of $28,053,991. The construc-
tion sequence is shown in Figure C2, with the price breakdown shown in

Table C2.

Cl




Option C

6. This option involves conatructing li{ned CDFs at sites 6 and 12 and r~
unlined CDFs at sites 1 and 3. Approximately 6.25 yeara would be required to
complete this effort at an estimated first cost of $30,530,712. Theé construc-
tion ssquence ia shown in Figure C3, with the price breakdown shown in

Table C1.

Option D
7. This option involves constructing lined CDFs at sites 1, 1B, 3, 6,

and 12, Contaminated sediment from sites ], 1B, and 3 would alsoc be removed
prior to the construction of CDFs at these locations. Approximately 12.5
years would he required to complete this effort at an estimated first cost of
$50,386,778. The construction sequence is shown In Figure C4, with the price

breakdown shown in Table C4.

CAD Option A

8. This option involves constructing unlined CDFs at gites 1, 1A, and
3. A temporary CDF would also be constructed at site 12 to store clean cap
materlial. Approximately 8.25 years would be required to complete this effort
at an egtimated first cost of $33,200,072. The construction sequence is shown

in Figure C5, with the price breakdown shown in Table C5.
CAD Option B

9. This option involves constructing unlined CDFs at sites 1 and 1A,
Temporary CDFs would also be conatructed at sites 6 and 12 to store clean cap
material. Approximately 10.5 years would be required to complete this effort
at an estimated first cost of $34,797,333. The construction sequence is shown

in Figure C6, with the price breakdown shown ‘n Table C6.

Confined Disposal Facilities

10. Cost estimates were developed for constructing CDFs at the six
locations described in the report. The following paragraphs provide a brief
description of the physical characteristics and the assumptions made in com-
puting the cost estimates for each site. Line item cost breakdowns for all
sites are provided in Tabies C7 through Cl7. Add{tional cost items for CDF

effluent treatment and operation and maintenance are summarized in Table CI8.

o
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Site 1 unlined
11. Site characteristics are as follous:

Capacity ’ 270,000 cu yd*
Approximate surface area 926,000 sq ft
Linear feet of dike - in water 950 ft

- land 1,750 (¢

a, Refer to Figurea 19 and 20 of the main text for typical dike
cross sections.

b. The in-water section of the dike will be constructed I tun
stages with a geotextile placed along the dike alignmen‘ prior
to the placement of any f{ll.

c. A secondary cell of approximately 10,000 sq ft will be con-
structed within the CDF. Sheet-pile walls will separate the
two cells with the sheets being approximately 30 ft i{n length.

d. Geotechnical monitoring (plezometers, settlement plates, etc.)
would be required for the in-water dike section.

e. Stone protection will he provided along the face of the
in-water dike up to elevation +8.0 mean low water.

f. The outside face of the land dike and a strip along the perim-
eter of the site will be topsciled and seeded.

B+ A 2-ft-thick cap would be placed on the site and the site top-
soiled and seeded. This cap material will be from a land
source., A geomembrane would be placed over the site as part of

the cap.

Site 1 lined
12. Site characteristics are as follows:

a. Refer to Figures 19 and 20 of the main text for typical dike
cross sections.

b. The in-water section of the dike will be constructed in three
stages, with the first stage being hydraulically placed dredged
material from the lower harbor. A geotextile will be placed
along the dike alignment prior to the placement of any fill.

c. The site would initially be filled to elevation +6.0 mean low
water with dredged material from the lower harbor. Two feet of
settlement is assumed. This layer of dredged material is
intended to provide a stable base for the liner.

d. A secondary cell of approximately 10,000 sq ft will be con-
structed within the CDF, Sheet-pile walls will separate the
two cells witk the sheets being approximately 70 ft in length.

* A table of factors for converting non-SI units of measurement to SI
(metric) units is presented on page 5 of the main text.

Cc3




e. A double sheet-pile wall would replace the granular fill dike
for a 650-ft-long section along the northern side of the site.
These sheets would be approximately 70 ft in length.

f. Refer to Figure 23 of the main text for a sketch ox the liner
cross section.

R+ Refer to notes d, e, f, and g under "Site 1 unlined."”

Site 1A unlined

13.

Site characteristics are as follows:

Capacity 30,000 cu yd
Approximate surface area 165,600 sq ft
l.inear feet of dike - 1in water 950 f¢t

- land 1,000 fc

Refer to Figures 19 and 20 of the main text for typical dike
cross sections.

fo

+ Refer to notes b and ¢ under Site 1 unlined.

A double sheet-pile wall will replace the granular f1i11 dike
for a 275~ft-long section along the southern side of the site.
This wall will separate the CDF from the Coggeshall Street
Rridge embankment. The sheets will be approximately 40 ft in

length.

In o

Site 1B unlined

14,

Site characteristics are as follows:
90,000 cu yd

Capacity
Approximate surface area 394,000 sq ft
Linear feet of dike - 1in water 1,800 ft

- land 2,000 ft

a., Refer to Figures 19 and 20 of the main text for typical dike
cross sections,

b. Refer to notes b through g under Site 1 unlined.

Site 1B lined

15.

Site characteristics are as follows:

a. Refer to Figures 7 and 8 of the main text for typical dike
cross sections.

b. Refer to notes b, c, d, and f under Site 1 lined.

c. Refer to notes d, e, f, and g under Site 1 unlined.

Site 3 unlined

16.

Site characteristics are as follows:
134,000 cu yd

443,000 sq ft

Capacity

Approximate surface area

C4
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Linear feet of dike - {n wvater 1.800 ft

In o

Site 3 lined
Site characteristics are as follows:

17.

-3 I? o

- land . 1,700 ft

Refer to Figures 19 and 20 of the main text for typical dike
cross sections. _
Refer to notes b through g under Site 1 unlined.

A double sheet-pile vall will replace the granular fill dike
for a 275-ft-long section along the southern side of the site.
The wall will separate the CDF froz the Cogreshall Street
Bridge embankment., The sheets will be approximately 40 ft in

length.

Refer to Figures 19 and 20 of the main text for tvpical dike
cross sections.

Refer to notes b, ¢, d, and { under Site 1 lined.
Refer to notes d, e, f, and g under Site 1 unlined.

The sheets for the double sheet-pile wall along the southern
side of site will be approximately 70 ft in length.

Site 6 unlined/lined

18.

Site characteristics are as follows:

Capacity
Approximate surface area

Linear feet of dike

e.

100,000 cu yd
387,000 sq ft
2,530 fe

Refer to Figure 21 of the main text for typical dike cross
section.

A granular £111 dike will separate the primary and secondary
cells.

Site will require clearing and some excavation to level the
site.

Refer to notes f and g under Site 1 unlined.

Refer to Figure 23 of the mafin text for liner cross section.

Site 12 unlined/lined

19‘

Site characteristics are as follows:

Capacity’
App}oximate surface area

Linear feet of dike

b.

325,000 cu yd
896,000 sq ft
6,350 ft

Refer to Figure 21 of the main text for typical dike cross

section.

A granular fill dike will separate the primary and secondary
cells.
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Site will require clearing and the demolition of exiating

c.
structures. ;™

d. Refer to notes f and R under Site } unlined.

®. Refer to Figure 23 of the main text for liner cross section.

f. Site vill require the removal of contaminated sediment for the

lined option.

Dredging Cost Estimates

20. Dredging costs were deterained for each alternative following the
approach described fn the paragraphs below. The estimates were based on two
MUDCAT dredges with operating personnel being onsite at all times. A produc-
tion rate of 800 cu yd per day is based on the physical constraints associated
-with working in the Upper Estuary, the settling characteriatics of the dredged
material, the size of the available disposal facilities, and the operating
capabflities of the MUDCAT dredge. Work will be performed 25 days per month,
9 months per year. Dredging would not be carried out during the winter months ‘

of December, January, and February.
21, A detailed breakdown of the dredging estimate for option A is shown ‘

below, Estimates for the other options were computed by the same method, with

the differences shown in the following table.

Quantity Maximum Booster Total

Removed Pipeline Pumps Dredre Time
Option cu yd Length, ft Required monthg $/cu yd
CDF A 665,830 5,300 1 33.54 9.65
CDF B 687,400 5,300 1 34.62 9.70
CDF C 742,100 12,000 3 37.36 11.80
CDF D 821,100 12,000 3 41,31 12.10
CAD-A 1,177,374 5,300 1 59.12 9.60
CAD-B 1,696,272 5,300 1 85.06 9.65

Detailed Dredging Estimate for CDF Option A

Production requirements

Contaminated dredged material 463,430
Dredged material to cap CDFs 202,400
Total quantity dredged material 665,830 cu yd
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pawnl bulea

1. Sire of dredpe pipeline - 8 {in.
2., Power output - main pump 175 hp
o 3. Maximum pipeline length 5,300 ft

4., Average pipeline length 2,700 fc

S. NSuober of booster pumps : 1

6. Chart production 100 cu yd/hr

7. Net production 80 cu yd/hr

8. Operating hours per day 10

9. Operating doys per month 2s l
10. Cubic yards per month 20,000
1. Dredge time 33.29 wmonths |
12. Cleanup 0.25 months 7
13. Total dredge time 33.54 wonths

Summary of costs

1. Plant ownership costs $ 7,689/month
2. Operating cost $113,799/month
3. Pipeline costs
a. Floating pipeline $1,400/month 500 ft @ $2.80/ft/month
b. Submerged pipeline $9,200/month 4,600 ftr @ $2.00/ft/month
c¢. Shoreline $1,300/month 1,000 ft @ $1.30/ft/month
d. Partially utilized $2,643/month 2,600 ft @ $1,02/ft/month
4, Booster $ 7,500/month
S. Protective equipment & monitoring $ 5,000/month
6. Total monthly cost $ 148,531
7. Dredge time x 33.54 months
8. Subtotal - $4,981,730 \
9, C(Overhead & bond (13X) + $ 647,625
10. Net pay yardage cost $5,629,355 1
11, Mobilization/demobilization & (
shutdown $ 218,592
12. Total dredging cost $5,847,947 '
13. Maximum pay vardage 665,830 cy
14. Unit price $ 8.78/cy 1
15. Unit price including profit $ 9.65/cy 1
Mobilization and demobilization - summary
Mobilization ‘
No. . ‘
Days $/Day Total
1. Prepare dredge for transfer 3 x $3,452 - $ 10,356 ‘
2. Prepare pipeline for transfer 2 x $2,303 - $ 4,606
3. Transfer all plant 200 miles
@ 100 miles/day 2 x $8,219 - $ 16,438 -,a
4. Insurance $ 8,000 :
S. Permanent personnel and miscellaneous $ 3,519 e
6. Prepare dredge after transfer 4 $3,302 - $ 13,208
7. Prepare pipeline after transfer 3 $2,153 - $ 6,459
8. Other - shutdown (9 wonths) 9 $7,692 - $ 69,228
$131,814

Subtotal

Cc7




Demobilization

‘wd 3D

(= BRI NV RN
e s e

No.
Davs
Prepare dredge for transfer 3 x
Prepare pipeline for transfer 2 x
Transfer all plant 200 miles
@ 100 miles/day 2 x
Insurance
Permanent personnel and miscellaneous
Prepare dredge after transfer 3
Prepare pipeline after transfer 2 x

Other cleanup

Subtotal

Subtotal mobilization & demobilization
Overhead & bond (13X)

Total mobilization & demobilization

$/Day

$3,602
$2,453

$8,219

$3,152
$2,003

Mobilization and demobilization detailed cost estimate

1.

3.

Prepare dredge for transfer
6 men @ 8 hr/day @ $37.88 per hour
Supplies and small tools
Support equipment w/operators
Plant owmership
Basic plant $ 7,692/month
~ Booster $ 2,475/month (1 @ $7,500 x 332)

$10,167/month divided by 30.42
Subsistence 6 men @ $25 per day

Cost per day

Prepare pipeline for transfer

6 men @ 8 hr/day @ $37.88 per hour

Supplies and small tools

Pipeline ownership

$11,250/month divided by 30.42 days/month x 502
Subsistence 6 men @ $25 per day

Cost per day

Transfer plant

6 men/shift (1 12-hr shift/day) @ $37.88/hr
Plant ownership

Pipeline ownership

Plant costs ($16,593 month) (operating cost minus
payroll) divided by 30.42 days/month x 502
Subsistence 12 men @ $25 per day

c8

_Total _

= $ 10,806

- $ 4,906

- $ 16,438

$ 8,000

$ 3,018

- $ 9,456

- $ 4,006

$ 5,000

$ 61,630

$193,444

$ 25,148

$218,592
Mob{il. Demob.
$1,818 $1,818
$ 300 $ 1300
$1,000 $1,000
$ 33 $ 334
& 150
$3,452 $3,602
$1,818 $1,818
$ 300 $ 300
$ 185 $ 185
$ 150
$2,303 $2,453
$2,727 $2,727
$ 334 $ 334
$ 185 $ 185
$ 273 $ 273
$ 300 $ 300




Towing vessels & trucks

- $1,100 per day » & trucks $4,400 $4,400 %
¢ $2,500 per day = 1 tug $2,500  $2,500 1

Coat per day $8,219 $R,219
4, Permanent pereonnel & wmisc. (assume half are local) X

6 men 2 8 hr/day @ $37.88 per hour $1,818 $1,818

Travel expenses ~ 3200 per wman $1,200 $1,200

Local hire $ 500
Total $3,518 $3,018

5, Prepare dredge after transfer

6 men @ 8 hr/day @ $37.88 per day $1,818 $1,818
Support equipment with operators $1,000 $1,000 \
Plant ownership per day $ 334 $ 334 :
Subgistence 6 men @ $25 per day $ 150
Cost per day $3,302 $3,162
i
6. Prepare pipeline after transfer
6 men @ 8 hr/day @ $37.88 per hour $1,818 $1,818
Pipeline ownership per day $ 185 $ 185
Subsistence 6 men € $25 per day $ 150
Cost per day $2,153 $2,003 ‘
Plant ownership costs
Depre-
Total clation Interest _
No. Value Rate, I Amount Rate, X Amount i
Dredge 1 $175,000 4.75 $ 8,313 4.66 $ 8,155
Dredge 1 $175,000 4,75 $ 8,313 4,66 $ 8,155
Derrick barge 1 $ 75,000 4.50 $ 3,375 4,66 $ 3,495
Fuel/water barge 1 $ 80,000 4,75 $ 3,800 4.66 $ 3,728
Yard equip. (misc.) LS $ 20,000 10.00 $ 2,000 4.68 $ 936
Crew/workboat 1 $ 20,000 9.50 $ 1,900 5.10 £ 1,020
Skiff w/motor 1 $ 5,000 7.92 S 396 4.76 $ 238
Total $28,096 $25,727

Plant ownership $53,823 per year divided by 7 months/year = $7,689 per month

Operating costs

Payroll

Superintendent $3,600
Taxes, insurance, fringes (42.2%) $1,518
Mgmt. payroll, per month $5,118

c9




Rate Amount i

No.
— 1
Leverman 2 $16.98 $ 33,96 -
Dredge mate 2 $15.52 $ 31.04
Launchzan 1 $16.00 $ 16,00
Maintenance engineer 1 $16.57 $ 16,57
Deckhand 2 $13.83 $ 27.66
‘tard and shoreman 2 $13.83 $ 27.66
Crew total 10 men $152.89 per hour
8-hr shift per day :
Wages based on 10 hr per day, 7 days per week.
Overtime pay 1is 1.5 times hourly rate, Sunday pay is 2 times the hourly rate.
Pay 90 hr per week @ 4.34 weeks per month $59,719
Taxes, insurance, fringes (54.21) $32,368
Crew payroll $92,087 t
Management payroll $ 5,118
Payroll costs $97,205 per month
Equipment

Booster, 200 hp
Plant 2 -~ 175~hp MUDCATS with attendant plant.
Note: only one dredge operating at a time.

Fuel $ 3,078
Water, lubrication, supplies $ 1,016
Dredge wear (pump, pipe, cutter) $ 1,000
Repair and dry-dock $ 1,000
Yard cost $ 2,500
Insurance $ 5,000
Lay-up $ 3,000
Plant costs 3 16,594
Payroll costs $ 97,205
Subtotal operating costs $113,799

Taxes, insurance, and fringes on labor

Social security 7.0%
Workmans Compensation 20.02
State Unemployment Comp. 3.7
Federal Unemployment Comp. 1.02
Fringes

$3.81 per hour 15.5%

8 paid holidays 1.42

9.0% vacation 5.61
Subtotal 54.2%

Ccl0
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Table

CDF Option A Costas

Cl

Activity

" Construct CDF 1B

F{l11 CDF 1B
Hydraulically placed
Mechanically placed

Construct CDF 1

Fill CDF 1
Hydraulically placed
Mechanically placed

Construct CDF 3

Fi11 CDF 3
Hydraulically placed

Construct CDF 12

Fill CDF 12
Hydraulically placed

Silt curtain/oil boom

Cap CDFs

Hydraulically placed

Subtotal

Contingencies (20X)

Engineering & design

Congtruction admin. &
inspection

Total first cost

Annual operation §
maintenance cost

Quantity Unit Cost
34,400 cu y2 $ 9.865
16,500 cu yd $ 5.8

186,760 cu yd $ 9.65
4,400 cu yd $ 5.85
95,115 cu yd $ 9.65
147,155 cu yd $ 9.65
200 ft $ 40.00
202,400 cu yd $ 9.65

Total Cost
$ 4,289,600

$ 331,960
$ 96,525

$ 2,947,800
$ 25,740
$ 5,060,200

$§ 917,860
$ 2,380,100

$ 1,420,046
S 8,000

$ 1,953,160

$21,233,225
$ 4,246,645
$ 420,000

$ 1,783,590

$27,683,460
$ 87,000

|
\
\
\
\
\
\
\
\
|

Notes:

Engineering and design costs include geotechnical investigations at the CDF
sites, design of CDFs, surveys, and preparation of plans and specifications.

R

Operation and msintenance costs consist of annual site inspections, sampling
monitoring wells, and sample analysis, as well as periodic replacement of

stone protection and other repairs to CDF sites.

Dredging costs assume that two dredges will be onsite at all times for a total

production rate of 800 cu yé per day.

25 days per month.
require one booster pump.

cli

The work period 1s 10 hr per day for
The distances from dredging areas to disposal sites

* Py 3
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Table C2

CDF Option B Costa

Activity Quantity Unitc Cost Total Cost

Construct COF | $ 2,947,800
Fi1l CDF !

Hydraulically placed 165,465 cu yd $ 9.70 $ 1,605,011

Mechanically placed 30,000 cu yd $ 5.85 $ 175,500
Construct CDF 3 $ 5,060,200
Fi1l CDF 3

Hydraulically placed 96,780 cu yd $ 9.70 $ 938,766
Construct CDF 1B $ 4,289,600
Fil1 CDF 1B

Hydraulically placed 38,705 cu yd $ 9.70 $ 375,439
Construct CDF 12 $ 2,380,100
Fill CDF 12

Hydraulically placed 183,310 cu yad $ 9.70 $ 1,778,107
Silt curtain/oil boom 200 ft $ 40,00 $ 8,000
Cap CDFs

- Hydraulically placed 202,400 cu yd $ 9.70 $ 1,963,280

Subtotal

Contingencies (20%)

Engineering & design

Construction admin. &
inspection

Total first cost

Annual operation &
maintenance cost

$21,521,800
$ 4,304,360
$ 420,000
$ 1,807,831

$28,053,991

s 87,000

Note:

Refer to Table Cl.
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Table C3

5“\ CDF Option C Costs \
Activity Quantity init Cosat Total Cost

Construct CDF 12 (lined) $ 4,532,900 ‘
Fill CDF 12 232,870 cu yd $11.80 $ 2,747,866
Construct CDF 6 (lined) ' $ 1,925,600
Fill CDP 6 71,715 cu yd $11.80 $ 846,237
Construct CDF ! $ 2,947,800
F{11 CDF 1 161,275 cu yd $11.80 $ 1,903,045
Mechanically placed 30,500 cu yd $ 5.85 $ 178,425
Conatruct CDF 3 ' $ 5,060,200
Fil1l CDF 3 77,615 cu yd $11.80 $ 915,857
S$ilt curtain/oil boom 200 fc $40.00 $ 8,000

Cap CDFs

Hydraulically placed 202,100 cu vd $11.80 $ 2,384,780
Subtotal $23,450,710
Contingencies (207) $ 4,690,142
Engineering & design $ 420,000
Construction admin. & $ 1,969,860

inspection - i
Total first cost $30,530,712
Annual operation & $ 57,000

maintenance cost

Notes:
Refer to notes 1, 2 and 3 of Table Cl.

The distance from dredging areas to disposal sites requires three booster
pumps.
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Table C4
CDF Option D Costs 7
Activity Quantcity Unit Cost Totat Cost

Construct CDF 12 (lined) $ 4,532,900

Pi11 CDF 12 231,960 cu yd $12.10 $ 2,803,449

Construct CDF 6 (lined) $ 1,925,600

Fil1 CDF 6 69,445 cu yd $12.10 $ 840,285

Construct CDP | (lined) $ 9,519,700

Fi11l CDF 1 152,780 cu yd $12.10 $ 1,848,638

Mechanically placed 42,000 cu yd $ 5.85 $ 245,700

Construct CDF 3 (lined) $ 6,369,500

Construct CDF 1B (lined) $ 6,278,600

F{11 CDF 3 86,920 cu yd $12.10 $ 1,051,732

Fill CDF 1B 41,945 cu yd $12.10 $ 507,535

Mechanically placed 8,000 cu yd $ 5.85 $ 46,800

Silt curtain/oil boom 200 ft $40.00 $ 8,000
Cap CDFs - hydraulically

placed 231,100 cu yd $12.10 $ 2,796,310

Subtotal $38,774,749

Contingencies (20%) $ 7,754,950

$ 600,000

Engineering & design

Construction admin.
& inspection

Total first cost

$ 3,257,079
$50,386,778

Annual operation & $ 87,000

maintenance cost

Note: Refer to Table Cl.

Cl4




Table C5
CAD Option A Costs

Activity Quantity Unit Cost Total Cost

Construct CDF 1 $ 2,967,800 '
Construct CDF 3 $ 5,060,200
Conatruct CDF 1A $ 2,998,100
Construct CDF 12 (temp.) $ 1,616,500
Dredging 1,177,375 cu yd $ 9.60 $11,302,800
Shoreline excavation 26,100 cu yd . $ 5.85 $ 152,685
Silt curtain/oil boom 700 f¢e $40.00 $ 28,000
Remove temporary CDF 167,500 cu yd $ 6.35 $ 1,063,625
Restore temporary CDF area 107,000 sq yd $ 3.00 $ 321,000

Subtotal $25,490,710

Contingencies (20X) ¢ 5,008,142

Engineering & design $ 470,000

Congtruction admin, $ 2,141,220

& inspection
Total first cost $33,200,072
Annual operation & ' $ 105,000

maintenance cost

Notes:
1. Refer to Table Cl.

2. Operation and maintenance costs also include hydrographic surveys of CAD
area and periodic sampling of CAD cells.

3. The temporary CDF area is restored with topsoil and seeded.
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Table C6

CAD Option B Costs ’
Activity Quantity Unit Cost Total Cost
Construct CDF 1} . $ 2,947,800
Construct CDF 1A $ 2,998,100
Construct CDF 6 (temp.) $ 690,800
Construct CDF 12 (temp.) $ 1,616,500
Dredging 1,696,270 cu yd $ 9.65 $16,369,005
Shorelins excavation 34,500 cu yd $ 5.85 $ 201,825
Silt curtain/oil boom 700 ft $40.00 $ 28,000
Remove temporary CDFs 234,200 cu yd $ 6.35 $ 1,487,170
Restore temporary CDF 150,000 sq yd $ 3.00 $ 450,000
areas

Subtotal $26,789,200

Contingencies (202) $ 5,357,840

Engineering & design $ 400,000

Construction admin. & $ 2,250,293

inspection
Total first cost $34,797,333
Annual operation & $ 82,000
maintenance cost
Notes: Refer to Table Cl.
C16
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Table C?
R : Construction Costs for Sice | Unlined
Activity Quantity Unit Cost Total Coa*
Granular f11ll
Invater - stage 1 26,400 cu yd $19.00 $ 501,600
Invater - stage 2 29,555 cu yd $19.00 $ 561,500
Land dike 7,100 cu yd $ 6.35 $ 45,100 |
Geotextile 23,200 sq yd  $22.50 $ 522,000 :
Stone protection 2,800 cu yd $50.50 $ 141,400
Sheetpile (secondary cell) 6,000 1lin f¢ $33.50 $ 201,000
Fence 2,400 1in fc $23.50 $ 56,400
Walkway and weir 1 $ 28,500
Outlet structure 1 $ 14,500
Topsoil & seed (dike) 8,000 sq yd $ 3.00 $ 24,000
Geotechnical monitoring 1 $ 50,000
Traffic control 55,700 cu yd $0.70 $ 39,000
Capping material 34,300 cu yd $6.35 $ 217,800 |
{
Topsoil & seed (cap) 103,000 sq yd $ 3.00 $ 309,000 l
Geomembrane liner (cap) 103,000 sq yd $ 2.00 $ 206,000 I
Silt curtain 1,200 1in ft $25.00 $ 30,000 |
Total cost $ 2,947,800

T A AR A
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Table C8
Counstruction Costs for Site | Lined

[tem Quantity Unit Price Total
Cost
fhoreline excavation 14,300 cu yd $ 5.00 $ 71,500
F111 aite (clean dredged
material) 275,000 cu yd $ 3.50 $ 962,500
Geotextile 36,000 sq yd $22.50 $ 810,000
Granular fil11
Invater ~ stage 2 46,500 cu yd $19.00 $ 883,500
Inwater - stage 3 12,300 cu yd $ 6.35 $ 78,100
Land dike 49,900 cu yd $ 6.35 $ 316,900
Sheet-pile wall 78,000 1in ft $33.50 $ 2,613,000
Liner
Low-permeability
material 34,300 cu yd $ 8,00 $ 274,400
Sand 68,600 cu yd $ 8.00 $ 548,800
Geomembrane liner 206,000 &q yd $ 2.00 $ 412,000
GCeotextile 103,000 8q yd $ 2.50 $ 257,500
Leachate collection 171,000 1in ft $ 4.25 $ 726,800
Stone protection 2,800 cu yd $50.50 $ 141,400
Sheet-pile (secondary cell) 12,000 1in fc $33.50 $ 402,000
Fence 2,400 1in ft $23.50 $ 56,400
Walkway and weir 1 $ 28,500
Outlet structure 1 s 14,500
Topsoil & seed (dike) 11,000 =q yd $ 3.00 $ 33,000
Geotechnical monitoring 1 s 50,000
Traffic control 108,700 cu yd $ 0,70 $ 76,100
Capping material 34,300 cu yd $ 6.35 $ 217,800
Ceomembrane liner (cap) 103,000 sq yd $ 2.00 $ 206,000
Topsoil & seed (cap) 103,000 sq yd $ 3.00 $ 309,000
Silt curtain 1,200 lin ft $25.00 $ 30,000
Total cost $ 9,519,700
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Table C9
Construction Costs for Site !A Unlined

Item Quantity Unit Price Toral Cost

C-zanular f11ll

Invater - stage 1 26,400 cu yd $19.00 $ 501,600

Inwater - stage 2 29,555 cu yd $19.00 $ 561,500

Land dike 9,000 cu yd $ 6.35 $ 57,200
Geotextile 23,200 sq yd $22.50 $ 522,000 -
Stone protection 2,400 cu yd $50.50 $ 121,200
Sheet pile (secondary cell) 5,400 1lin ft $33.50 $ 180,900
Fence 1,000 1in fc $23.50 $ 23,500
Walkway and wveir 1 $ 28,500
Outlet structure 1 $ 14,500
Topsoil & seed (dike) 2,200 sq yd $ 3.00 $. 6,600
Geotechnical monitoring 1 L) 50,000
Traffic control 57,200 cu yd $ 0.70 $ 40,000
Capping material : 6,150 cu yd $ 6.35 $ 39,100

Topsoil & seed (cap) 18,400 sq yd $ 3.00 § 55,200

Membrane liner (cap) 18,400 sq yd $ 2.00 $ 36,800
Sheet-pile wall 22,000 1in ft $33.50 s 737,000
Silt curtain 900 1lin ft $25.00 $ 22,500

Total cost $ 2,998,100
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Table Cl10

Construction costs for Site 1B Unlined /
Item Quantity Unit Price Total Cost

Granular fill1

Inwater - stage 1 50,000 cu yd $19.00 $ 950,000

Inwater - stage 2 56,000 cu yd $19.00 $ 1,064,000

Land dike 25,200 cu yd $ 6.35 $ 160,000
Geotextile 44,000 sq yd $22.50 $ 990,000
Stone protection 4,500 cu yd $50.50 $ 227,300
Sheet pile (secondary cell) 9,000 1in fc $33.50 $ 301,500
Fence 2,300 1in ft $23.50 $ 54,100
Walkway and wveir 1 $ 28,500
Outlet structure 1 $ 14,500
Topsoil & seed (dike) 4,500 8q yd $ 3.00 $ 13,500
Geotechnical monitoring 1 s 50,000
Traffic control 116,500 cu yd _ $ 0.70 $ 81,600
Capping material 14,500 cu yd $6.35 $ 92,100 ‘

Topsoil & seed (cap) 44,000 sq yd $ 3.00 $ 132,000

Membrane liner (cap) 44,000 sq yd $ 2.00 $ 88,000
Silt curtain 1,700 1in ft $25.00 $ 42,500

Total cost $ 4,289,600
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Table C!1

. Construction Costs for Site IB Lined
Iten Quantity Unit Price Total Cost

Shoreline excavazion 18,500 cu yd $ 5.00 $ 92,500
F4ll site (clean dredged

material) 87,500 cu yd $ 6.60 $ 577,500
Geotextile 68,000 sq yd $22.50 $ 1,530,000
Granular fil11

Inwater - stage 2 88,000 cu yd $19.00 $ 1,672,000

Inwater - stage 3 23,300 cu yd $ 6.35 $ 148,000

Land dike 62,000 cu yd $ 6.35 $ 393,700
Liner

Low-permeability

material 14,600 cu yd $ 8.00 $ 116,800

Geomembrane liner 88,000 sq yd $ 2.00 $ 176,000

Geotextile 44,000 sq yd $ 2.50 $ 110,000

Leachate collection 72,000 1lin ft $4.25 $ 306,000

Sand 29,200 cu yd $ 8.00 $ 233,600
Stone protection 4,500 cu yd $50.50 $ 227,300
Sheet pile (secondary cell) 1,800 1in ft $33.50 $ 60,300
Fence 2,300 1in f¢e $23.50 $ 54,100
Walkway and weir 1 $ 28,500
Outlet structure 1 $ 14,500
Topsoil & seed (dike) 5,500 éq yd $ 3.00 $ 16,500
Geotechnical monitoring 1 $ 50,000
Traffic control 166,700 cu yd $ 0.70 $ 116,700
Capping material 14,500 cu yd $6.35 $ 92,100

Topsoil & seed (cap) 44,000 8q yd $ 3.00 $ 132,000

Membrane liner (cap) 44,000 sq yd $ 2.00 $ 88,000
Silt curtain 1,700 1in ft $25.00 $ 42,500

Total cost $ 6,278,600
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Table C12

Construction Costs for Site 3 Unlined e
Item Quantity Unit Price Total Cost

Cranular f111

Inwater - atage | 50,000 cu yd $19.00 $ 950,000

Inwater - stage 2 56,000 cu vd $19.00 $ 1,064,000

Land dike 7,100 cu yd $ 6.35 $ 45,100
Geotextile 44,000 aq yd $22.50 $ 990,000
Stone protection 4,500 cu yd $50.50 $ 227,300
Sheet pile (secondary cell) 9,000 1in ft $33.50 $ 301,500
Fence 1,700 1lin ft $23.50 $ 40,000
Walkvay and weir 1 : $ 28,500
Qutlet structure 1 $ 14,500
Topsoil & seed (dike) 2,800 sq yd $ 3.00 $ 8,400
Geotechnical monitoring 1 $ 50,C00
Traffic control 98,400 cu yd $ 0.70 $ 68,900
Capping material 16,400 cu vd $ 6.35 $ 104,100

Topsoil & seed (cap) 49,200 sq yd $ 3.00 $ 147,600

Membrane liner (cap) 49,200 sq yd $ 2.00 $ 98,400
Sheet-pile wall 26,400 1lin ft $33.50 $ 884,400
Silt curtain 1,500 1in ft $25.00 $ 37,500

Total cost $ 5,060,200
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Table Cl13

Construction Costs for Site 3 Lined

Unit Price

Tten Quantity Total Cost
Shoreline excavation 6,300 cu yd $ 5.00 ¢ 31,500
Fi1ll site (clean dredged
material) 98,400 cu yd $ 4.30 $ 422,100
Geotextile 68,000 sq yd $22.50 $ 1,530,000
Granular f111
Inwater - stage 2 88,000 cu yd $19.00 $ 1,672,000
Inwater - stage 3 23,390 cu yd $ 6.35 $ 148,000
Land dike 34,200 cu yd $ 6.35 $ 217,200
Sheet pile (secondary cell) 18,000 1in ft $33.50 $ 603,000
Liner ~
' 7 'Low-permeability Cre o R C e -
material 16,400 cu yd $ 8.00 $ 131,200
Sand 32,800 cu yd $ 8.00 - $ 262,400
GeomerhTane liner 98,400 sq yd $ 2.00 $ 196,800
Geotextile 49,200 sq yd $ 2.50 $ 123,000
l.eachate collection 72,000 lin ft $ 4.25 $ 306,000
- Stone protection 4,500 cu yd $50.50 $ 227,300
Fence 1,700 11in ft $23.50 $ 40,000
Walkway and weir 1 $ 28,500
Outlet structure 1 $ 14,500
Topzoil & seed (dike) 2,800 3q yd $ 3.00 s 8,400
Geotechnical monitoring I $ 50,000
Traffic control 149,900 cu yd $ 0.70 $ 104,900
Capping material 16,400 cu yd $ 6,35 $ 104,100
" Topsoll & seed (cap) 49,200 sq yd $ 3.00 $ 147,600
Membrane liner (cap) 49,200 eq vd $ 2.00 ] 98,400
Sheet-pile wall 44,000 lin ft $33.50 $ 1,474,000
Silt curtain 1,500 1in ft $25.00 $ 37,500
Total cost $ 6,369,500
c23
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Construction Costs for Site 6 Unlined/Temporary

Table Cl4

ltem Quantity Unit .Price Total Cost
Granular fi1l 66,700 cu yd $ 6.35 $ 423,500
Fence 2,660 lin ft $23.50 $ 61,100
Walkway and weir 1 $ 28,500
Qutlet structure (to water) 1 $ 30,000
Topsoil & seed (dike) 7,000 sq yd $ 3.00 $ 21,000
Traffic control $ 0.70 $ . 76,700

Cleéring

Total cost

109,600 cu yd

iy

1

50,000

690,800

C24
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Table Cl5

Construction Costs for Site 6 Lined

Item Quantity Unit Price “Total Cost
Granular £111 66,700 cu yd $ 6.35 $ 423,500
Liner ]
Low-permeability ,
material 14,300 cu yd $ 8.00 $ 114,400
- Sand 28,600 cu yd $ 8.00 $ 228,800
Geomembrane liner 86,000 sq yd $ 2.00 $ 172,000
Geotextile 43,000 sq yd $ 2.50 $ 107,500
_ Leachate collection 72,000 1lin ft $ 4,25 $ 306,000
Fence - 2,600 1in ft $23.50 $ 61,100
Walkway and weir 1 $ 28,500
Outlet structure (to water) 1 $ 30,000
Topsoil & seed (dike) 7,000 sq yd $ 3.00 $ 21,000
Traffic control ‘109,600 cu yd $ 0.70 $ 76,700
Capping material - 14,350 cu yd $ 6.35 R 91,100
Topsoil & seed (cap) 43,000 aq yd $ 3.00 $ 129,000
Membrane liner (cap) 43,000 aq yd - $ 2.00 $ 86,000
¢ . .
Clearing 1 $ 50,000

Total cost

$ 1,925,600

C25
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Construction Costs for Site 12 Unlined

Table Cl6

Item Quantity Unit Price Total Cost
Granular £i11 167,500 cu yd $ 6.35 $ 1,063,600
Fence 6,400 1in ft $23.50 $ 150,400
Walkway and weir - 1 $ 28,500
Outlet structure (to water) l‘ $ 30,000
Topsoil &lseed (dike) 19,000 sq yd $ 3.00 $ 57,000
Traffic control ' 267,100 cu yd $ 0.70 $ 187,000
Capping material 36,000 cu yd $ 6.35 $ 228,600
. Topgsoil & seed (cap) 107,000 sq yd $ 3.00 -§$ 321,000
Membrane liner (cap) 107,000 sq yd $ 2,00 $ 214,000
Demolition & clearing 1 $ 100,000
Total cost $ 2,380,100
3
c26

ik

- ~a

powiyy bujeq

MAANA nanewmen




Table Cl17

Construction Costs for Site 12 Lined

Item Quantity Unit Ptice' Total Cost
Sranular £111 167,500 cu yd $ 6.35 $ 1,063,600
Liner

: Low-permeability
material 33,200 cu yd- $ 8.00 $ 265,600
Sand 66,400 cu yd $ 8.00 $ 531,200
Geomembrane liner 200,000 sq yd $ 2.00 $ 400,000
Geotextile 107,000 sq yd $ 2.50 $ 267,500
Leachate collection 162,000 1in ft $ 4,25 $ 688,500
Fence 6,400 lin ft $23.50 $ 150,400
Walkway and weir 1 $ 28,500
‘Outlet structure (to water) 1 $ 30,000
Topsoil & seed (dike) 19,000 sq yd $ 3.00” $ 57,000
‘Traffic coutiol 267,100 cu yd $ 0.70 $ 187,000
Capping material 36,000 cu yd $ 6.35 '$ 228,600
Topsoil & seed (cap) 107,000 sq yd- . $ 3.00 $ 321,000
Membrane liner (cap) 107,000 sg yd $ 2.00 $ 214,000
Demolition & clearing 1 4 $ 100,000
Total cost ~$ 4,532,900
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820

Table C18
Additional Cost for CDF Effluent Treatment and Operation and Maintenance

_ Site - Dike
Chemical _ Carbon Leachate Manage- Main-
Item : Clarification Filtration Adsorption Treatment ment Monitoring tenance
Capital cost ’ 96 2,557 2,875 589 N/A N/A N/A
Annual OSM cost .- 87 192 449 41 N/A 250 N/A

during operations
(3-10 years)

Annual O&M cost - . - N/A _ N/A N/A - 41 10 100 N/A
postoperations :
(approx. S5 years)

Annual O&M cost - N/A © N/A N/A 41 10 50 870%
long term s
.(10-30 years) e

Note: - All costs expressed in thousands of dollars.
*. Dike maintenance cost incurred once each 10 years.
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ACTIVITY

PIKE (YZARS)

" SN A W

9 10 11 12
Dredge ‘
Haterial to | NN F
cDr 3 ’
Dredge
uatoghl to |
CDY» 1B
.Cap CD¥ 3 I K
and CDF 1B
Notes: CDF ALTERNATIVE D: Construction sequence (continued)
1. All coFs are lined '
Figure C4. (Concluded)
e
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TIME (YEARS)
ACTIVITY 1 . 2 3 ] L) 6

COhsttuct
CDF 1B

construcf '
CDF 2

Drodqini
Material to
CD¥ 1B

D:odqini
Material to
CD¥Y 1 .

Construct
cDy 3

Construct
cDoY 12

Drodqing
Material to
cDrY 3

Dredging -
Hltogilg to

cDF 12 -
Cap CDF 1B : | F

Cap Cp? 1

Cap CD? 3
angd CDF 12

A
n Al

Notes: CDF ALTERNATIVE A: Construction sequence
1. All CD¥s unlinaed .
2. Construction season bcgins on 1 April
3. Only one dredge operating in contaminated sediment at one time
4. Two dredges onsite at all times
5. Production rate per day - 800 cu ya
6. 25 working days per month
7. No Arsdging work Dec 1 - March 1
8. Capping performed in two stages: Dredzcd material and f£ill trucked to site
9. Three-month consolidation period required prior to placement of cap

Figure Cl, Construction sequence for CDF Alternative A
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TIHE (YEARS)

RCTIVITY 1 2 3 4 L) 6

Conuttuét
cDrF 1

COnstzuat
cDrY 3

Dre

untogiu to |

cDF 2

Dredge
Haterial to
cDY 3

Cap CDP 2

Construct
CDF 1B

Cap CDY 3
Dre
Hltgglll to
cDY 1B

Construoct
CcDY 12

Dredge
g;;oghl to : .

Cup CD¥ 1B

and CDP 12 ] o : n (. Ly

Notes: CDF ALTERNATIVE B: conlttuction -oquonco
1. All CDFs unlined

2. Contaminateq natorial removed from area of CDP 18 ‘

Figure C2. Construction sequence for CDF Alternative B




TIME (YEARS)

ACTIVITY 1 2 3 4 5

Construct
CDF 12

Dredge
Material to
cpy 12

Construct
cDY ¢

Construct
CDy 1

Dredge
Material to
CDY 6 .

Dredge

Material to- . ‘ |
CcDF 1 !

construct '

[od0) S}

Dredge ’ :
Material to -
CDY 3 ’

cap co¥ 12 | .
cap cD¥ 6 N
Cap CD¥ 1 " N

cap cD¥ 3 H .

Notes: CDP ALTERNATIVE E

1. CD¥s 12 and ¢

$ Construction sequence
ineq

Figure C3, Construction sequence for CDF Alternative C



TIME (YBARS)

ACTIVITY 2 2 3 4 s

Construct
Ccoy 12

Dredgs
Material to
cDF 12

Construck
cDY 6

Dredge :
Material to | ]
cor ¢

Cap CD¥ 12 R | [ 7|

Construct
cDY 1

Construct
CDY 1B

Cap cD? 6 i1m

Dredge : _
Material to -

cory 1 ’

Construct
cory 3

Cap cD¥ 1

Notes: CDF ALTERNATIVE D: Construction seguence
1. All CDFs are lined :

Figure C4. Construction Sequence for CDF Alternative D (Continued)



TIMER (YEKRS)

ACTIVITY b § 2 3 4 L3 [ 7 8 9 10
Construct .
CD¥ 3

Construot
CDF 1 and 1A

Dredge
Material to
coyY 3

Dredge .
Material to m _
CDF 1 and 1A

Dredge C.M. ]
to CAD B1/B2 :

Cap CAD B1/B2 ' [ ]

Construct
cDY 12 '

Dredge Clean
Material to -
CDP 12 :

Dredge C.H. : ' _
to C B3 ’ ‘

Cap CAD B3
and Restore '
Channel -

Cap COFs 1, 1A P J
and 3

Notes: CAD OPTION A: Construction sequence
1. CDPs unlined

2. CDP 12 contains only clean material and is temporary

3. C.M. = contaminated material : :

4. cag for CDFs 1, 1A, and 3 consists of a membrane liner,
2 £t of £ill from a land source, topsoil, and seed

Figure C5. Construction sequénce for CAD option A
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ACTIVITY

TIMB (YEARS)
1 2 3 4 5 ] 7 8

Construct
CDF 1 & 1A

Dredge
Material to
CDF 1 & 1A

Construct
CDP 12

Construct
CD¥Y §

Dredge
Material to
CcDry 12
Dredge )
Material to
CcDY ¢

Dredge C.M.
to C B

Cap CAD B
Restore C

Cap CD? 1 & 1A v |

- -_ i

Notes: CAD OPTION B: Construction Sequence
1. CD¥s unlineqa
2. CDP 12 and 6 contain only clean material and ars temporary
3. It is assumed that the material bein placed in cBPs 12 and 6 is course
grained and can be rehandled to provide an additional 130,000+ cu :
‘ Zd of capacity. Construction of CDF 5 will not be necessa
. a

for CD¥ 1 and 1A consists of membrane liner covered wixﬁ 2 ft of
£ill from a land source and topsoil and seed.

Figure C6. Construction sequence for CAD option B
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APPENDIX D: ESTIMATED CONTAMINANT RELEASE FROM DREDGING
AND DREDGED MATERIAL DISPOSAL

Introduction

Background

1. Sediment to be dredgeq_from the New Bedford Harbor Superfund Project

is contaminated with polychlorinated biphenyls (PCBs) and heavy metals.

~ Remedial alternatives for removing and disposing of this sediment will
increase the release of these contaminants above existing background condi-
tions for the period of time requiteq to remove the contaminated sediment from
the estuary. Impacts of these relatively short-term releases musf be weighed
against the benefits of removing the bulk of the contaminants from the estuary
to improve water quality, aquatic resources, and public health for the long
term.

2. Various project activities may release or increase the potential for
mobility of contaminants to the enviroﬁmenc. These activities include the
confined disposal facility (CDF) dike construction for in-water sites, the
dredging operation, effluent from the CDF during filling, surface runoff from
the filled and capped CDF, leachate from the CDF, and the contained aquatic
‘disposal (CAD) filling/capping operation. The primary migration pathways for

trangport of contaminants from these operations to the environment are surface

water (for dike construction, dredging, CAD filling, and effluent from CDF) and B

grcund water {for leachate). Other pathways are air and biological uptake by
organisms'in the CAD and CDF site.

Scope o

3. This appendix presents estimates of the magnituce of contaminants,
specifically PCBs and selected heavy metals, that may be released by the
dredging and disposal alternatives being addressed by this Engineering
Feasibility Study (EFS). The estimates are based on the data developed by E?S
Tasks 4 and 6. Task 4 prédicted sediment resuspcaslon rates during dredging,
modéled sediment transport and migration for the estuary, and evaluated
existing PCB fluxes from the estuary. Testing protocols performed under

Task 6 provided data for heavy metal and PCB concentrations for dissolved and

particle-associated transport mechanisms from dredging and disposal operations
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to surface and ground water. The detailed results of Tasks 4 and 6 are
presented in Reports 2~10 of the series.

Technical approach
4, Most of the Management Strategy (Francingues et al. 1985%) testing

protocols yield a qualitative assessment of chemical quality for CDF effluent,
runoff, and leachate and for open-water disposal. Quantification of contami-
nant releases from CDF effluent 1is strajghtforward. Ho&ever, techniques for
quantifyihg CDF leachate releases and for estimating releases from the
dredging operation and from the CAD operation are not well developed or fileld
proven., Results from the New Bedford Superfund Pilot Study (Otis and
Andreliunas [1987) will allow refinement of these estimates by verifying bench-
scale results and accounting for field conditions, prototype dredging activi-
ties, and site-specific conditions at the New Bedford Harbor Superfund

Site.

5. The releases calculated herein are intended to be worst-case esti-
mates. Contaminant concentrations during active dredging and disposal opera-
tions are based on testing of the EFS estuary composite sample (see Report 2),
which has greater contaminant concentrations in the bulk sediment than thé
average bulk sediment that will be dredged in the estuary. In general,
application of laboratory and field data and selection of values from the
literature are conservative with respect to protection of the environment
during dredging and disposal.

6. Scenarios for dredging and &1sposal alternativés involve dredging
betwezn the Wood Street and Coggeshall Street bridges, a number of different
CDT35, and a combination of CDFs and CAD cells. This appendix will initially
discuss conteminant reluases in a genersl sense, followed by contaminant
release estimates for the components, i.e., dredging, CDF eiiluent, CDF sur-
face runoff, CDF lgachate,'and CAD filling. Finally, releases from the com-
ponents will be copbined into short-term releases (5 to 12 years of dredging
operations) and long-term releases, i.e., éfter completion of dredging. Dis-~
turbance of contamihated sediment at the dredgehead, displacement of contami-
nated sediment during construction of in—water.CDFs, concamipant release
during and after filling the CDF with dredged material, and contaminant
release during and after placing and capping dredged material in'the CAD cell

* See References at the end of the main text.
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present avenues for release of contaminants to the environment. These opera-
tions and the primary environmentai pathways potentially affected by these

operations are discussed in the following section.

Description of Releases from Dredging and Disposal Components

Dredging

7. In a hydraulic dredging operation, large quantities of water mix
with the sediment to form a slurry as the dredge works its suction pipe
(usually equipped with a cutter, auger, or other dredgehead) into the sediment
and pumps dredged material through a pipeline to the disposal facility.
Operation of the dredge in the contaminated sediment will resuspend some sedi-~
ment with attached contaminants and potentially release dissolved contaminants
into the water column and affect surface water quality. Sediment resuspension
by various types of dredging equipment is discussed in Report 10. The
quantity of sediment resuspended will be minimized by selection of equipment
that has been demonstrated to produce a reduced rate of sediment resuspension
and by operation of the selected equipment in a manner to minimize sediment
resuspension.

8. The heavier resuspended sediment particles from the dredging opera-
tion will settle on the bottom near the dredge. The finer sediment particles
will disperse into the wat~r colimn, Sediment concentration in the water
column will decrease with distance downcurrent from the dredge. Contaminénts
attached to the suspended sediment will be fransported with the sediment, and
soiuble contaminants will be transported with water movement. However, some
of the soluble contaminants are expectéd to become reattached (adsorbed) to
suspended sediment and will then be transported in the same fashion as
suspended sediment,

Dike construction
9. Construction of in-water dikes where required for shoreline CDFs

will involve hauling clean fill material from offsite and carefully plaping
this material into the estuary as :he-dike is built from the shore. Earth-
moving equipment will shape and compact the material for the dikes. The

filling operation #ili impact an area the lerngth and base line width of the

D3

pawily buleq
imman Ans 1a £anmnh

F V. V. S RBY 1 9%

rrn b |
: =y




dike (approximately 150 ft*), The sediment underneath the dikes, which is
also contaminated with PCBs, will be disturbed, compacted, and partially dis-
placed by the dike construction operation. Silt screens used during dike
construction for thg Pilot Study were effective in containing the suspended
sediment that was produced., Compaction of the contaminated sediment beneath
the diké will squeeze pore water through and out of the gediment. This pore
water contains soluble contaminants in high concentrations compared with water
quality criteria. However, the volume of pore water is very small compared
with the volume of the estuary and 1is released to surface water at a slow

rate. The effect of this release will be small compared with other components
of the dredging and disposal operation.

CDF during dredging
10, The CDF provides storage for the dredged material and will provide

adequate volume to separaté.solids from liquid by gravity settling., After

solids in the dredged material slurry settle in the disposal facility, excess .

water or supernatant is released from the disposal facility. This excess
water that has been in contact with the sediment during the dredging process
can be expected to contain dissolved and particulate-associated contaminants
from the sediment. The CDFs proposed in this study will include provisions
for the addition of polymers at the overflow from the primary cell of the CDF.
These polymers will promote flocculation of fine particulates that may be
temoved by settling in tne secondary celi of the CDF. Final effluent
discharged from the CDF during the f1illing operation will contain nonset-
tleable particulates with associated contaminants as well as dissolved con-
taminants., Without additional effluent treatment, most of thesr materials can
be expected to be transported away from the project area.

11. A second potential pathway of concern during filling of the CDF is
volatilization of contaminants into the air. This release mechanism will be
minimized by submerging the influent pipe below water level as slurry is
pumped into the CDF and by keeping the contaminated sediment covered with
water and saturated until the CDF 1is capped with clean material. Thibodeaux
(in preparation) showed that the loss of PCBs from CDFs during filling is a
significant pathway. Thibodeaux's calculations fo; the Pilot Study CDF

* A table of factors for converting non-SI units of measurement to SI
(metric) units 1s presented on page 5 of the main text.
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produced an estimate of 754 mg/hr PCB volatilization from the 60,000-sq ft
pilot CDF, Using the same assumptlons for PCB emission data, suspended sedi-
ment concentrations, and CDF configuration, and increasing the emission rate
for the 2,700,000 sq ft of CDF area for the opticns considered in this study,
a PCB emission rate on the order of 0.8 kg/day is estimated.

CDF after filling
12. The various pathways that may be affected by contaminated sediment

in the CDF once the facility is filled are illustrated in Figures 7 and 8 of
the main text. These pathways include surface runoff, biological uptake,
volatilization, seepaée, and leachate. Capping the CDF with clean dredged
material will minimize the magnitude of the contaminant releases via the fifst
three pathways mentioned. The pathway of most concern for the completed CDF
1s loss of leachate from the contaminated sediment through the bottom of the
fac{lity or seepage through the dike adjacent to the shore.

13. Loss of leachate from the CDF depends on hydraulic gradients and
characteristics of the dike and foundation materials. The controlling
hydraulic sradient for a free-draining foundation is directed downward in
proportion to the static head produced by the height of saturated dredged
material above the bottom of the CDF or above the water level on the outside
of the dike, whichever is higher. Free drainage of pore water from the
dredged material will slowly dissipate this head, but will force leachate
through the bottom of the site.

14. The low permeability of the dredged material (10
limits the rate of infiltration of water downward from the surface of the CDF.

6 to 10.'7 cm/sec)

Once the CDF is filled and capped, drainage will be provided to prevent
ponding of water on th~ surface, and most rainwater will run off. Evapora-
tion, and later evapotranspiration #f the site becomes vegetated, will reduce
the volume of rainwater and snowmelt transmitted downward, resulting in a
layer of unsaturated dredged material near the surface of the CDF. Therefore,
the primary contributor to leachate or seepage volume is the bore,water
associated with the dredged material placed in the sfte.

15. Modifying the bottom of the CDF to impede leachate flow or breaking
the hydraulic gradient by collecting leachate at the bottom of the CDF will

reduce leachate percolation from the bottom of the site. However, lining the

CDF(s) for a remedial action at New Bedford will increase the overall cleanup

cost, Lining large in-water CDFs also presents construction requirements that
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have not been fully demonstrated in the industry, and long-term reliability of

a liner is questionable.
16. Clean material used to cover the CDF vill minimize losses through

volatilization, bioturbation, or surface runoff. Thibodeaux (in preparation)
showed that exposed contaminated sediment produced a much higher (3 to

4 orders of magnitude) PCB volatilization rate than capped sediment. There-
fore, all CDF design options will include capping prior to exposure of con-
taminated sediment to the atmosphere. Rainfall runoff from the clean cap 1s
‘not expected to present a problem with PCB release (see Report 4). Covering

the CDFs with clean sediment and a geomembrane cap will cut off the bioturba-
tion pathway. '

CAD filling

17, Featuras of CAD options for this project are presented in Part V of
the main text. The CAD facility is simply an area in the estuary that will be
excavated to approximately 10~ to 15-ft depth by dredging sediment to fill the
CDF. Cont-sminated dredged material will be placed in the bottom of the CAD
cell by a submerged diffuser attached to the end of the pipeline from the
dredge. The diffuser is designed to release the slurry parallel to the bottom
of the site and at a velocity sufficiently low to minimize upper water column
impacts. However, the water that separates from the dredged material slurry

29 the sediment sezfles to the uottom will contain fine particulates with

asttached contaminants and contaminants dissolved in the water. These contami-

nante will be transported by currents created by the dredging operation and by
currents in the estuary. The heavier suspended sediment particles will settle
in the CAD c~1l1, and scize of the dissolved contaminaﬁts will becone attached
to finer suspended sediment that may eventually settle on their own or
aggregate and settle more rapidly.

18. The dredged material slurry undergoes compression settling and
self-weight consolidation in the CAD cell i{n a manner similar to that
occurring in the CDF. These processes expel pore waier from the sediment.
This pore water may.mové upward into the water column or downward into the
saturated zone below the CAD cell. Most of the consolidation and water loss
will take place prior to placing the cap, and this represents a potential con-
taminant release during the diéposal operation. Long-term releases from CAD
d4isposal could result from a gradient caused by a higher water table on the

shore compared with the water elevation of the estuary. This gradient may
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push water through the contaminated material in the CAD and potentially
through the cap (see Figure 9 of main text)., The low permeability of the con-
solidated dredged material and the attenuation of contaminants through the cap
will 1limit the magnitude of this source of contaminants to surface water.
Quantification of this release rate requires extensive knowledge of ground- }
water movement and is beyond the scope of this study.
19. Transport in water is the primary pathway for loss of contaminants
-from the CAD fi1lling operation. Volatilization losses will be minimized by
maintaining the discharge pipe below the water. '
CAD after filling
20, Placement of dredged material in the CAD facility returns the con-

taminated sediment to environmental conditions similar to those existing in
the bottom of the harbor where the sediment originated. The advantage of the

CAD site is that contaminants are separated from the water column by a layer

of cleaner sediment. This clean cap prevents direct contact of the contami-
nated sediment with the water column, eliminates resuspension of contaminated
sediment, attenuates contaminants that may move or diffuse through the cap,
and reduces bioturbation with the contaminated sediment. As long as the
integrity of the cap is maintained, cortaminant losses from the CAD site will
be minizmal. Truitt (1986) reported on chemical studies of the Duwamish Water-
way cappling demonstration project, where vibraccre sediment samples were col-
lected at 4-cm intervals tnrough a layer of capping material and a layer of
contaminated sediment. Analyses of these samples for lead and PCB indicated

that the cap effectively contained the contaminated dredged material,

Contaminant Release Estimates

Testing protocols
21. Prccedures for estimating contaminant releases from dredged mate-

rial disposal operations for several transport mechanisms have been developed
and verified. Specific testing protocols available for various pathways and
transport mechanisms are discussed in Francingues et al. (1985). Testing
protocols for surface- and ground-water pathways have been applied to New
Bedford sediment by this EFS. Applicable testing protocols and the transport

mechanism(s} they address are listed below:
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Testing Protocol Pathway Transport Mechanism

Modified'elutriate Surface water Soluble and suspended contami-
nants from CDF during filling

Standard elutriate Surface water Soluble contaminants from open-
water disposal

Leaching Ground water Soluble contaminants from
: confined disposal
Capping Surface water Soluble contaminants from CAD
after filling
Surface runoff Surface water Soluble and suspended contami-

nants from CDF after filling

22, The estimates presented herein are based on results for elutriate
and leachate testing of the composite sample collected for the US Army Corps
of Engineers (USACE) EFS and evaluation of sediment resuspension and settling
rates predicted by field studies and a vertically averaged, numerical sediment
transport model.

Application of testing protocols
23, Laboratory tests. The principal data needed to estimate contami-

nant releases during dredging and disposal operations are the suspended sedi-
ment concentrations, particulate-associated contaminant concentrations, and
soluble contaminant concentrations, Standard elutriate tests (Report 3),
modified elutriste tests (Revori 3), leaching teats (Report 5), and surface
runoff tests (Report 4) were selected as the best available laboratory methods
for providing these data, The standard elutriate has been applied to soluble
releases during open-water disposal of dredged material (Brannon 1978), and
the modified eiutriate has been applied to soluble and particle-bound releases
from diked disposal sites for drediized material (Palermc !786). Leaching tests
are applicable to releases of pore water and leachate from CDFs and CAD
options. Surface runoff data are applicable to CDFs that have been filled and
capped éith a layer of less contaminated material (<100 ppm PCB) from the

Upper Estuary. ‘
24, Assumptions and basic data. Tables DI, D2, and D3 list-the produc-

tion data, sediment resuehension and release rates, and sediment escape rates
used to estimate sediment flux at the Coggeshall Street Bridge during the
dredging, CDF disposal, and CAD disposal operatiomns, respectively. Production

rates and fluxes are based on an 800 cu yd per day production rate, an in situ
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water content of 111 percent, and a slurry sediment concentration of 125 g/&.
The ratio for volume of slurry produced per volume of in situ sediment dredged
is 5.3.

25. Contaminant concentrations associated with suspended sediment and
dissolved contaminant concentrations are based on standard and modified
elutriate tests for the EFS composite sediment sample (Report 3). Total PCB
Aroclor concentration of this sediment was 1,500 mg/kg. Water used for the
elutriate tests was collected from the Upper Estuary.

Dredging

26. Sediment resuspension during dredging. Estimates of contaminant

release from the dredging plant begin with the basic flux rate assumption of
40 g of sediment resuspended per second. This number is based on field data
collected during the box-coring operation for collection of the composite sam-
ple for the USACE EFS (Report 2). Water column suspended sediment concentra-
tions were measured duting'the box~-coring operation at 5- and 50-yd radii of
the sampling barge. Although this was a mechanical dredging activity on a
relatively small scale, the barge was operating in shallow water and resus-
pended the material by direct contact with the bed and by prop wash, in addi-
tion to dropping and raising the corer. Average sediment concentrations

50 yd £rom the barge were 80 mg/f above background. The concentrations
observed were fit with a two-dimensional vertically averaged plume model to
estimate the 40 g/sec sediuent resuspension rate,

27. The sediment resuspension rate of 40 g/sec represents 0.4 percent
of the sediment mass dredged and is equivalent to 2 kg sediment resuspended
per cubic metre of sediment dredged. Nakai (1978) has reported ssdiment
resuspension rates Iin fine-grained material from 5 kg/cu m to as high as
45 kg/cu m for a large &redge punping a sediment with 35 percent clay. Sedi-
ment removal operations from the Upper Estuary will dredge a material with
less than 20 percent clay and will employ specialized eﬁuipment, dredging
operational controls, and silt curtains to minimize the rates of resuspension.
Therefore, the assumed rate of resuspension (40 g/sec) is thought to be an
acceptable estimate of the rate for project conditions., The New Bedford
Superfund Pilot Study will provide site-specific field data to refine the

" estimates of sediment flux rate from dredging.
28. Secdiment transport frocz the Upper Estuary. Only a portion of the

sediment released at the dredge will be transported away from the site and

D9

Ay Ruea




through the bridge. The values given as fraction of sediment escaping at the

bridge (Table D1) are based on results from numerical hydrodynamic and sedi-
ment transport modeling described in Report 2.

29. Relationship of contaminants to sediment resuspension. The mass of

contaminant associated with sediment resuspension by the dredge is based on
total and soluble contaminant concentrations from elutriate tests (Report 3).
The standard elutriate value was chosen for PCBs because this test has been
more often related to effects on the water column (Ludwig, Sherrard, and
Amende 1988). Modified elutriate data were used for the metals where quality

standard elutriate data were not available. Concentrations on suspended

sollds were applied directly to the sediment flux from the bridge to calculate

contaminant releases associated with sediment transport. Estimation pro-

cedures for mass flux rates for soluble releases from the dredge have not been

developed. The approach used for this study is to relate the soluble contami-

nant concentration in the elutriate to the suspended solids in the elutriate

and assume that the soluble releases are proportional to the sediment resus-

pension and transport rate. This approach represents a worst-case scenario

since the elutriate test simulates mixing all of the sediment removed by
dredging with site water. In reality, only the resuspended sediment and a
fraction of the pore water mix with the water column during dredging.

30. Calculations. Step-by-step calculations of contaminant mass

released at the bridge fcr PCD 2nd heavy metals are presented in Table DI.

Becauge of the uncertainties in dredge resuspension rates, variability in
sediment characteristics, and the need for conservatism, a safety factor of

2 times the estimated contaminant release rates is applied to the release

rates calculated by the above procedure. The releases that are presented

represent the more -contaminated sedimsnt in the estuary and should be greater
than the average release rates for dredging all of the Upper Estuary. How-
.ever, actual releases ars expected to sometimes exceed the daily release rates
shown because of hot spots, unusual sediment physical characteristics for some
areas, and extremes of production rates, tide ranges, and climatic conditions.
31. Controls to minimize dredging releases. Silt curtains or screens

will also be employed around the dredging operation to reduce the transport of
The con-

suspended sediment and associated contaminants away from the dredge.

taminant release estimates do not account for this containment. However, the
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containment effectiveness for the silt curtains will be similar for the
dredging component of all of the options considerad by this study.

Evaluation of CDF effluent
32. Effluent suspended solids, Estimates of the suspended sediment

released from the CDF are presented in Table D2. Laboratorv se’tling column
data for the EFS composite sample were used in the procedure outlined by
Palermo (1985) to estimate the effluent suspended solids from the primary éell
of the CDF. RKResults from bench-scale jar tests performed for the EFS indicate
that more than 50-percent additional suspended solids reduction can be
achieved in the secondary cell following polymer flocculation. These esti-
mates indicate that an effluent suspended solids concentration of 66 mg/% can
be attained. During the initial stages of filling of.the CDF with contami-
nated sediment, ruch longer settling times will be available in the CDF.

' 33. CDF effluent contaminants. Contaminant release from the CDF dis-

charge during dredging operations overflow is calculated directly from sus-
pended sediment contaminant concentrations and dissolved contaminant
concentrations observed in the modified elutriate test and from the dredge
flow rate. Step-by-step mass fluxes of PCB and heavy metals are presented in
Table D2. A safety factor of 2x ig also applied to these fluxes for the same
reasons described above.

Evaluation of CAD effects
on the estuary watar column

34. Suspended solids concentrations. A predictive tool for estimating

the mass of suspended sediment released in the CAD cell during filling has not
been developed and verified. The CAD cell could be considered as a semicon-
fined underwater settling area. The cells provide a volumetric retention time
similar to CDFs. Minimum CAD volume is 16,000 cu yd for the 2-ft depth (CAD
option A, cell Bl). Application of settling test data in a manner similar to
that for a CDF ylelds a suspended solids concentration on the order of
500 mg/ L or about 0.4 percent of the sediment dredging rate. All other CAD
cells are 5 to 10 times larger in surface area and provide much longer deten-
tion times for settling. o »

35. Other studies of sediment loss during open-water disposal of
dredged material, generally.reported where dredging depths were greater than
50 ft, have estimated sediment losses in the water column on the order of 1 to

5 percent of the original sediment mass (Truitt 1986). Placing sediment in
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the CAD cell with the submerged diffuser will more efficiently place sediment
in the bottom of the cell than conventional npen-water disposal. Use of the
submerged diffuser for a Calumet Harbor, Illinois, project demonstrated that
discharged dredged material was confined to the lower 20 percent of the water
column with no increase in suspended solids above that point (McLellan and
Truitt 1986). Directly comparable data for the release rate are not avail-
able. Calculations shown in Table D3 assume a sediment release of 1 percent
of the dredging rate, which is greater (1,250 mg/%) than the settling test
prediction but lower than some estimates in the literature. A

36, Contaminant fluxes. The PCB release rates for the CAD, which are

presented step-by-step in Table D3, are based on suspended and soluble PCB
concentrations from the standard elutriate test. Use of the standard
elutriate test for estimating soluble releases during open-water disposal of
dredged material is consistent with routine use of this test for evaluating
open-water disposal of dredged material. Heavy metals releases are based on
results from modified elutriate tests of estuary sediment (Report 3). A 2x
gafety factor was also applied to calculated flux rates to yleld the estimates

used in this report.

Estimates of
leachate contaminant releases

37. To calculate the rates of contaminant loss from CDFs and CAD cells,

the concentrations of coniaminants and the rate of leaciiate seepage through
the dikes and/or foundation of the gite must be estimated. Evaluation of
leachate quality is presented in Report 5. Results from the batch leaching
tests provide a basis for a conservative estimate of leachate and pore water
quality for dredged material placed in CDFs and CAD cells.

38. Leachate quality. Leachate quality will be estimated from batch

leaching test data available for the first step of the sequential batch leach
test using saline water as the fluid, as recommended in Report 5. Estimated
leachate concentrations are given in Table D4. These concentrations are.
worst-case estimates because they are based on the WES estuary composite sedi-
ment and because batch leaching tests generally overestimate pore water con-
centrations for a flow-through system. Peak PCB concentrations for
permeameter leachate tests were an order of magnitude lower than the batch

leachate value shown in Table D4. Peak permeameter values for metals were
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generally higher than the batch test values, which was explained as the
salinity washouc'phenomenon in Report 5.

39, Table D4 compares the estimated leachate concentrations with the
maximum contaminant levels (MCL) established under the Safe Drinking Water Act
and with marine water quality criteria. The estimated leachatr concentrations
do not exceed MCLs for any of the metals tested. Average leachate concentra-
tions for PCB, copper, lead, nickel, and zinc exceed the chronic criteria for
marine waters. The only acute water quality criteria exceeded are for copper
and PCB. However, it must be recognized that the only locations these con-
centrations exist are within the dredged material. Passage of leachate
through the dikes or bottoms of disposal facilities will attenuate contami-
nants to some degree., Once the contaminants reach the waterway, they will be
quickly diluted. The only contaminant of major concern for migration with

leachate 1is PCBs.
40, Leachate volumes for CDFs. The quantity of leachate crossing the

CDF boundaries depends on local hydraulic gradients and the characteristics of
the foundation materials. However, information on boundary characteristics
and local ground-water flow 1s not available. Therefore, this analysis will
assuﬁe that the foundatior 18 free draining, i.e., there is no resistance to
flow at the boundary of the CDF. This condition represents a worst-case
scenario because it is physicélly impossible to have a foundation with no
resistance to flow, Also, water flowing through the dredged ﬁaterial'will be
assumed COvdepend on drainage of pore water in the dredged material after
initial settling, net water input from the surface of the CDF, hydraulic
gradient in the CDF, and infiltration characteristics of the dredged material.
41. All design options thatiinclﬁde CDFs call for placement of an
impermeable cap on the surface of the contaminated dredged material to

minimize the net freshwater input from the surface. Report 3 showed that

washout of salinity from the dredged material had a marked increase cn release
of contaminants from sediment solids. Therefore, the caﬁ provides both the
benefit of reducing the flow of water through the dredged material and the
benefit of reducing the desorption of contaminants from sediment to pore water
or leachate. '

42. Ground water beneath in-water CDFs is expected to flow toward the .
estuary. Fowever, additional geohydrological data and modeling would be

required to confirm site~specific flow patterns and rates for the CDF sites
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and the estnary area. Leachate exiting the boundaries of the upland CDFs may
enter the ground water or the estuary.

43, Estimates of vertical percolation through the CDF bottom were made
using a water balance from consolidation of the dredged material and the
US Environmental Protéction Agency's Hydraulic Evaluation of Landfill Perfor-
mance (HELP) computer model (Schroeder et al., 1984), HELP models hydrologic
movement of water across, into, through, and out of landfills. It accepts
climatologic, soil, and design data and uses a solution technique that
accounts for the effects of surface storage, runoff, winter cover, infiltra-
cion,ipercolation, evapotranspiration, and soil moisture storage. The version
(HELP2) of the model used for this analysis 1is adaptable to dredged material
because 1t can account for the saturated conditions initially present in a
CDF.

44, During a 10-year simulation period, HELP2 computed the percolation
rate from the base of a typiéal CDF profile, including a geomembrane cap, to
average 1.6 in. of water per year. At the end of the tenth year, the
percolation rate was 0.36 in. per year. Leachate contaminant fluxes are based
on 10 years at 1.6 in., per year and 20 years at 0.36 in. per year, yielding a
total of 24 in, for the 30 years followiing placement and capping in the CDFs.

45, Prior to the percolation losses from CDFs after capping as
nredicted by HELP2, additional pore water is expeiled from the dredged mate-
rial slurry as the cediment consolidates. The change in elevation of sediment
with time in a typical CDF design for New Bedford is illustrated in Figure DI.
This figure was developed from output of the Primary Consolidatioh and Desic-
cation of Dredged Fill (PCDDF) model (Cargill 1985). One curve rgpresents
consolidation with a relatively free-draining foundation (hydraulic conduc-
tivity = 1 ft/day), and fhe other represents a less pefmeable foundation

(0.0001 ft/day). The rate of consolidation differs for the first 1 to

2 years, but by the end of the third year, consolidation levels off for both

conditions. The change in elevation and volume of sediment 1s accompanied by

the release of an equivalent volume of water. This water is released in all

directions, i.e,, through the bottom, sides, and surface of the CDF.
that is released to the surface i1s controllable by wastewater treatment

However, .the evaluation of leachate releases for unlined CDFs will

Water

processes,
assume that ail of this volume escapes the boundaries of the CDF.
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46, Watcr balance for dredging and disposal. Quantification of fluxes

from CDF and CAD alternatives must balance water present with in situ sediment
and water added during hydrauiic dredging against water losses as effluent,
leachate, and water remaining with the disposed sediment. Figure D2
illustrates a water balance for dredging New Bedford sediment on the basis of
1 cu yd of in situ sediment. A volume of 4,3 cu yd of estuary water is added
for each volume of sediment removed based on assumed sediment concentrations |
in situ and in the dredged material slurry. For the CDF alternative,
additional precipitation will be added during disposal operations. Most of
the precipitation will be removed as surface runoff or will evaporate.

Figure D2 assumes that 24 in. of rainfall will infiltrate the surface during
the 1- to 2-year operational period prior to covering of the contaminated
sediment and consslidation of tﬂe dredged material. The water balance shows
that an estimated 3.05 cu yd of effluent is produced, and 1.54 cu yd of
leachate 1s produced for each cubic yard of sediment removed and placed in a
CDF. The effluent 1s released to surface wACer, and leachate may be released

to surface or ground water, or both.
47. CAD pore water losses. The CAD alternative does not have the rain-

fall contribution factor and produces an estimated 3.05 cu yd of water
released to the water column during dredging and 1.18 cu yd of leachate, or
vore water, lost. The CAD leachate will likely be released to the surfacé-
water pathway.

Comparison of contaminant mass releases
48. Tables D5 and D6 present estimates of the total mass of PCBs

released by the CDF and CAD options, respectivaly, considered in this study.
Estimates for copper releases are presented in Tables D7 and D8. The numbers
presented include totals for the project implementation phase of the project
.and for the postproject phaese, which extends to 30 years after filling a CDF
or CAD site. The bases for the numbers are the data presented in
Tables D1-D3, the volume of sediment removed for each disposal qﬁcion>as
described in the main text, the leachate and effluent volumes discussed above,
and the leachate concentrations from the sequential batch leachate test.

49. CDF aesggn options. Tables D5 and D7 show that the component con-.

tributing the majorfity of the contaminant loads for the CDF alternative is the

dredging operation. For the design options that include effluent.treatment,
PCB removal is based on 90-percent removal of PCB associated with suspended
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solids by filtration (options A2 and B2) and 99-percent removal of dissolved
PCB by carbon adsorption or UV/hydrogen peroxide for options A3, B3, C, and D.
The options that have lined CDFs (C and D) include carbon adsorption for
leachate collected by the liner system. Copper removal by the effluent treat-
ment processes is based on removal of only the copper associated with the
suspended sediment.

50. Because dredging relepse estimates predominate in this analysis of
contaminant migration, the more extensively controlled design options (C and
D) lose some of their advantage due to the additional volume of sediment that
must be dredged for these design options. For example, option A3, which con-
sists of unlined CDFs and effluent treatment, produces less total PCB release
than option D, which consists of lined CDFs and effluent/leachate‘treatment.
This situation may not occur if the dredging releases are overestimated by a
‘wide margin, If the dredging releases were reduced by a factor of 2, then the
ranking follows the logical progression of more controls produce lower con-
taminant releases. This order is illustrated by the relation of the releases

from the CDF component in Tables D5 and D7.
51. CAD design options, Tables D6 and D8 {llustrate the life-of-the-

project contaminant releases associated with the CAD design options. The CAD
releases to the water column during placement of contaminated sediment in the
CAD cell are the larger contaminant release component for options B and C.

Releases from the dredge are greater than CAD filling for options Al, A2, and
A3 because thé more contaminated sediment is placed in a CDF for this option,

reducing the losses during CAD filling.
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Table DI

Estimate of Contaminant Flux for Dredging

Cu

pcs PCB Cd Pb

Parameter Description for Dredging Component Units Composite Mot Spot Estuary Estuary Estuary
Sediment Sediment Sediment Sediment Sediment

Dredge production rate, in situ sediment volume cu mhr 76 76 76 76 76
Dredge slurry flow rate cu svhr ‘405 405 40S 405 405
Effective dredge operating time hr/day L 8 8 8 8
Daily dredge production rate cu m/dey 811 611 611 &N 611
Daily dredge slurry flow cu »/day 3,238 3,238 3,238 3,238 3,238
In situ s;.-diment conc. {water content=111X) g/liter 660 660 660 660 660
Dredge sturry total suspended solids (TSS) conc. g/titer 125 125 125 125 125
Solids pumping rate, dry weight kg/day 403,000 403,000 403,000 403,000 403,000
Sediment resuspension rate at dredge, 158 g/sec &0 &0 &40 L0 40
Daily sediment resuspension rate at dredge, 7SS kg/day 1,152 1,152 1,152 1,152 1,152
in situ sediment contaminant conc. /%y 1,500 8,400 36 1,330 1,000
Elutriate contaminant conc., whole wster mg/liter 0.18 3.04 0.,0059 0.18 0.026
Elutriste dissolved contaminant conc. mg/iiter 0.11 0.58 0.0025 0.02 .01
Elutriate total suspended solids (7SS) conc. mg/liter 120 &37 148 148 320
Elutriate contaminant conc. on sediment #Q/kg 583 5,627 23 1,101 47
Etutriate dissolved contaminant conc./TSS mg/k9 97 1,330 17 115 34
Contaminant flux st dredge witn i3S kg/day 0.7 .48 0.03 1.27 0.054
Conteminant flux at dredge, dissolved kg/day  1.06  1.53 0.2  0.13  0.040
Total contaminant flux at dredge kg/day 1.73 8.01 0.05 1.40 0.094
7SS escaping bridge (X finesais, X escapez88) fraction 0.31 0.31 0.31 0.31 0.31
1SS escaping bridge kg/day 3450 350 340 340 350
Contaminant flux at bridge with 1SS kg/day 0.21 2.0 0.0083 0.40  0.017
Contominant flux at beidge, dissolved kg/day 0.33 0.48 0.0061 0.041 0.012
Total contaminant flux st bridge kg/day 0.54 2.5 0.014 0.44 0.029
Contaminant flux at bridge with 1SS (2X safety) kg/day 0.4 4 0.02 0.8 0.03
Comuninont flux at bridge, dissolved (2x safety) kg/day 0.7 1 0.01 0.08 0.02
Total contaminant flux at bridge (2X safety) xo/day 1 5 0.03 0.9 0.0

D17



Table D2

Estimate of Contaminant Flux for CDF Effluent

Parameter Description for CDOF Component Units Composite Hot Spot EstE:’ry Estf:ry Est::ry
" Sediment Sediment Sediment Sediment Sediment
Dredge production rate, in situ sediment volume cu wwhe 76 76 76 76 76
Dredge slurry flow rate cu m/hr 405 405 405 405 405
Effective dredge operating time hr/day 8 8 8 8 8
Daily dredge production rate cu m/day 611 611 611 611 611
Daily dredge slurry flow cu m/day 3,238 3,238 3,238 3,238 3,238
In situ sediment conc. (water content=111X) g/liter 660 650 660 660 660
Dredge slurry total suspended solids (T5S) conc. g/liter 125 125 125 125 125
Solids pumping rate, dry weight kg/day 403,000 403,000 403,000 403,000 403,000
Effluent 1SS conc. (82 hr settling & flocculation) mg/titer .73 Sé &6 &6 84
Daily 7SS release from CDF kg/day 214 175 214 214 214
In situ sediment ccntaminant conc. mg/kg 1,500 8,400 35 1,730 2,013
Elutriate contaminant conc., whole water mg/liter 0.21 1.20 0.0059 0.180 0.C26
Elutriate dissolved contaminant conc. ng/liter 0.10 0.66 0.0025 0.017 c.on '
Elutriat~ total suspended solids (1SS) conc. rg/liter 320 132 148 148 320
Elutriate contaminent conc. on sedizent wg/kg 325 5,644 23 1,101 &7
Elutriste dissolved contaminant corc /785 mg/kg 32% 3,447 17 s .| 34
Contaminant flux from COF with 1SS kg/day 0.07 0.99 0.0049 0.2% 0.01
Contaminant flux from COF, dissolved kg/day 0.36 0.60 0.0081 0.06° 0.04
Total contsminant flux from COF kg/day 0.41 1.59 0.013 0.29 0.05
1SS escaping bridge from (ower estuary fraction 0.78 0.78 0.76 0.76 0.76
15S escaping bridge kg/day 162 133 162 162 162
Contaminant flux st beidge with 1SS kg/day 0.053  0.75 0.0037 0.18  0.0076
Contaminant flux st bridge, dissolved kg/dsy 0.34 0.60 0.0081 0.058  0.036
Total contaminant flux at bridge “kg/day 0.39 1.4 0.012 0.23  0.043
Contaminant flux at bridge with TSS (2X safety) kg/day 0.1 2 0.007 0.4 0.02
Contaminant flux at bridge, dissolved‘(zx satety) kg/day 0.7 1 O.QZ 0.1 0.07
Total contaminant flux at bridge (2X safety) kg/day 3 3 0.02 0.5 0.1
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Table D3
Estimate of Contaminant Flux for CAD Filling Operations

Parsmeter Description for CAD Component Unfts Composite Hot Spot Estﬁgry Estﬁ:ry Estz:ry
Sediment Sediment Sediment Sediment Sediment

predge production rate, in situ sediment volume cu m/hre 7% 76 76 76 76
oredge slurry flow rate cu a/hr 405 405 405 405 405
Effective dredge operating time hr/day 8 8 8 8 8
Daily dredge production rate cu m/day 611 611 &n s 611
Daily dredge siurry flow cu m/day 3,238 3,238 3,238 3,238 3,238
In situ sediment conc. (water content=111X) g/liter 660 660 660 660 660
Dredge slurry total suspended solids (TSS) conc. g/iiter 125 125 125 125 125
solids purping rate, dry weight kg/day 403,000 403,000 403,000 403,000 403,000
CAD effluent TSS concentration st discharge point mg/L 1,250 1,250 1,250 1,250 1,550
Daily sediment release from CAD at discharge point kg/day 4,048 4,048 4,048 4,048 4,048
in situ sediment contaminant conc. ng/kg 1,500 8,400 34 1,330 1,000
glutriate contsminant conc., whole water mg/liter 0.18 3.04 0.0059 0.18 0.026
Elutriate dissolved contaminant conc. mg/iiter 0.1 0.58 0.0025 0.0170 0.011
glutriate total suspended solids (TSS) conc. mg/liter 120 437 148 148 320
Elutriate contaminant conc. on sediment mg/kg 583 5,627 23 1,101 &7
Elutriaste dissolved contaminant conc./T3S mg/kg 917 1,330 17 115 34
Contaminant flux at dredge with 7SS kg/day 2.38 22.78 0.09 4.46 0.19
Cantainant flux st dredge, dissolved kg/day 0.36 5.38 0.01 0.06 0.04
:.tal contaminant flux at dredge kg/day a2 8.8 0.10 4.5t 0.23
1SS escaping bricge from upper csiusry fraction  0.52 0.52 0.52  0.52  0.52
1SS escaping bridge kg/day 2,105 2,105 2,108 2,105 2,108
contaminant flux st bridge with TSS kg/day 1.2 12 0.048 2.3 0.099
Contaminant flux a: bridge, dissolved kg/day 0.36 5.4 0.0081 0.055 0.036
Total contamirant flux at bridge kg/day 1.6 17 0.056 2.4 0.13
Contaminant flux st bridge with 1SS (2X safety) kg/day 2.5 20 0.10 5 0.2
Contaminant flux at bridge, dissolved (2X safety) kg/day 0.7 16 0.02 0.1 0.1
kg/day 3 30 0.1 H 0.3

Total contaminant flux at bridge (2X safety)
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Table D4
Estimated Contaminant Flux by Leachate Seepage
from CDFs

Maximum Marine Water Batch Peak Anaerobic
Contaminant Quality Criteria Leachate Leachate
Level* Acute Chronic Concentration Concentrationk*
ug/ L ug/L ug/L ug/e ug/ L
Contaminant (ppb) ‘ (ppb) (ppb) (ppb) (ppb)
~ Arsenic 50 69 36 16
Cadmium 10 43 9.3 0.17 2.9
Chromium 50 10,300 17 375
Copper 2.9 2.9 8.0 , 17
Lead 50 140 5.6 9.0 10
Nickel -~ 75 8.3 57 58
Zinc - 95 86 90 14
PCB (1242 + - 10 0.03 266 21

1254)

* Represents level specified for compliance with Safe Drinking Water Act.
** From permeameter leach test.
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) Table DS
Total Mass PCB Released for CDF Design Options

Alt No. Alt No. Alt No. Alt No. ALt No. Alt No. Alt No. Alt No.
COF A1l COF A2 COF A3 COF 81 COF B2 COf B3 CDF‘C COF D
Sediment Dredge 484,000 484,000 484,000 514,000 514,000 514,000 574,000 633,000
Volume :
cu yd COF 484,000 484,000 484,000 514,000 514,000 514,000 574,000 633,000
CAD
PC8 PCB PCB [} pCR pPCB PCB [ PCB
kg/cu yd kg kg kg kg kg kg kg kg
Dredge Dissolved 0.00083 400 400 400 424 424 426 474 523
Suspended 0.00053 254 254 254 270 270 270 302 333
Torsd 0.00135 654 654 654 69% 695 695 778 855
CoF Dissolved 0.00050 2464 244 2 259 259 3 3 3
Suspended 0.00007 35 3 ] 37 4 [¢] [¢] 0
Subtotal 0.00058 279 %47 3 296 263 3 3 [3
Leach-short 3.350031 150 150 150 159 159 159 8 2
Leach-long &0 40 &0 40 40 40 21 0
Total 0 459 437, 193 495 462 202 107 [
CAD Discalved 0.00053
Suspended 0.00180
Subtotal 0.00230
Leach-short 0.0002¢
Leach-long
Totat 0.002% 0 0 o 0 0 0 0 0
GRAND TQTAL 1,091 847 1,190 1,156 &97 8a3 861

1,123
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Table

D6

Total Mass PCB Released for CAD Design Options

Alt No. Alt No. Alt No. Alt No. Alt No.
CAD AV CAD A2 CAD A3 CAD 8 CAD ¢
Sediment Dredge 497,905 497,905 497,905 552,972 568,872
Volume .
cu yd cof 228,276 228,276 228,276 159,083 222,993
CAD 269,629 269,629 269,629 393,889 498,255
pPCB PCB PC8 PCB PC8 PC8
kg/cu yd kg k9 kg kg kg
Dredge  Dissolved  0.00083 M 411 41 457 470
Suspended  0.00053 262 262 262 91 299
Total 0.00135 673 673 673 747 769
CcoF Dissolved  0.00050 15 115 1 80 112
Suspended  0.00007 16 2 0 17 1%
Subtotal 0.00058 131 17 1 92 128
Leach-short C.06C3+ 7 7 n - 49 69
Leach-long 23 23 23 16 14
Total 0 228 210 95 157 21
€AD Dissolved  0.00050 136 136 136 198 352
Suspended  0.00180 485 485 485 708 1,256
Subtotsal '0.00230 621 621 621 907 1,607
Leach-short 0.00024 65 65 65 95 168
Leach-long
Total 0.00254 685 635 685 1,001 1,775
GRAND TOTAL 1,583 1,569 1,453 1,906 -+ 2,755
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Table D7

Total Mass Copper Released for CDF Design Options

Alt No. Alt No. Alt No. Alt No. Att No. Alt No. A’t No. Alt No.
COF A1 CDF A2 COF A3 COF 81 CDF B2 COF B3 COF C COF D
Sediment Dredge 484,000 484,000 484,000 514,000 514,000 514,000 74,000 633,000
Volume
cu yd CDF 484,000 484,000 48,000 514,000 14,000 514,000 574,000 633,000
CAD
Cu Cu Cu Cu Cu Cu Cu Cu Cu
kg/cu yd kg kg ka kg kg kg kg kg
Dredge Dissolved 0.00010 50 50 50 53 53 s3 59 66
Suspended 0.00099 480 480 480 510 510 510 S70 628
Total 0.00110 530 530 530 543 563 563 629 694
CDF Dissolved 0.00008 38 38 38 - 41 &1 41 45 50
Suspended 0.00026 125 12 1 132 13 1 1 2
Subtotal 0.00034 163 51 40 73 113 &2 7 52
Leach-short 0.00001 S S S s S s H 6
Laach-long 1 1 1 1 1 1 1 1
Total 0 169 56 45 179 60. 4] s3 - 59
CAD Dissolved 0.00008
Suspended 0.0¢233
Subtotal 0.00341
Lesch-short 0.00001
Leach-long
Total 0.00342 1] 0. 0 0 0 0 [+] 0
GRAND TOTAL 699 587 576 762 623 611 682 753
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Table D8

Total Mass Copper Released for CAD Design Options

Alt No. Alt No. Alt No. Alt No. Alt No.
CAD Al CAD A2 CAD A3 CAD 8 CAD C
Sediment Dredge 497,905 497,905 497,905 552,972 568,872
Volumne
cu yd CDF 228,276 228,276 228,276 159,083 222,993
CAD 269,629 269,629 269,629 393,889 698,255
Cu Cu Cu Cu Cu Cu
kg/cu yd kg kg kg kg kg

Dredge pDissolved  0.00010 52 52 52 57 9

Suspended 0.00099 494 494 494 549 564

Total 0.00110 S46 546 546 806 623

COF Dissolved 0.00008 18 18 18 13 18

Suspended 0.00026 59 [ 1 41 S7

Subtotal 0.00034 7 24 19 Sé& 75

Leach-short 0.0000¢ 2 2 2 1 2

Le_ach-(ong 1 1 1 0 0

Total 0 80 27 21 56 78

CAD Dissolved 0.00008 21 21 21 3 55

Suspended 0.00333 89 899 899 1,314 2,329

Sub:stel 0.00341 921 921 921 1,345 2,38

Leach-short 0.00001 2 2 2 3 5
Leach-tong

Total 0.00342 922 922 922 1,348 2,389

.GRAND YOTAL 1,548 1,495 1,490 2,009 3,090
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Figure D1, Consolidation rate for Upper Estuary drcdged material
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IN SITU
SEDIMENT
1 CU YD
680 Gn
.|OREDGING
WATER
43 cu vo
OREDGED
MATERIAL
NET $.3 CU YD
RAINFALL 128 Gt
0.38 CU YD
CDF | cap
EFFLUENT SEDIMENT LEACHATE WATER SEDIMENT LEACHATE
3.08 CU YD} [1.07 CU YD 1.54 CU YD COLUMN 1.07 CU YD 1.18 CU YD
818 Q¢ 3.0 CU YD 818 G/¢

Figure D2. Water balance for dredging, CDF, and CAD disposal
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